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I. — On  a  Ebmarkablb  Iohthyodobulitb  prom  thb  Oabbonifebous 
Seribs,  Gascotmb,  Western  Australia. 

By  Hbkbt  Woodward,  LL.D.,  F.E.S.,  F.G.S.,  etc. 
(PLATE  I.) 

1W0  years  ago,  Mr.  Eobert  H.  Scott,  F.E.S.,  Secretary  to  the 
Council  of  tlie  Meteorological  Office,  kindly  sent  me  a  letter 
from  the  Rev.  J.  G.  Nicolay  of  Freraantle,  Western  Australia, 
accompanied  by  a  photograph  of  a  fossil,  the  original  of  which  had 
been  found  by  Mr.  Davis  **  in  the  valley  of  the  Arthur  River,  an 
affluent  of  the  Gascoyne."  ^ 

I  readily  identified  the  fossil  photographed  as  the  impression  of  a 
fish-spine,  similar  in  form,  but  more  highly  curved  than  those 
discovered  in  the  Coal-measures  of  Arkansas,  Indiana  and  Illinois, 
originally  described  by  Prof.  Leidy  as  a  fish-jaw,  and  named  by  him 
Edestus  vorax  in  1865,  and  later  as  a  fish-spine  by  MM.  Newberry 
and  Worthen  (Geological  Survey  of  Illinois,  1870,  vol.  iv.  pp.  350- 
353,  pL  L).  Having  expressed  a  wish  to  see  the  fossil  itself,  Mr. 
Scott  at  once  wrote  to  his  sister,  Lady  Barker,  wife  of  the  Govemdr 
of  Western  Australia,  at  Perth,  who  most  kindly  interested  herself 
to  obtain  the  loan  of  it  from  Mr.  Nicolay.  After  a  protracted  corre- 
spondence, Mr.  Edward  T.  Hardman,  F.G.S.,  of  the  Government 
Geological  Survey  of  Ireland  (who  was  at  that  time  engaged  upon  a 
Survey  of  the  Eimberley  District,  Western  Australia),  was,  upon  his 
return  to  England,  entrusted  with  the  charge  of  this  unique  specimen, 
which  is  now  in  my  hands. 

The  fossil  (which  is  represented  in  our  Plate  L  of  the  natural  size) 
consists  of  the  half  of  a  heavy  clay-ironstone  nodule,  having  the 
intaglio  impression  of  a  curved  organism ;  the  relievo  half  of  the 
nodule  was  not  found.  ,  It  was  picked  up  by  Mr.  Davis  "  in 
the  valley  of  the  Arthur  River,  an  affluent  of  the  Gascoyne  from 
the  right,  t.e.  the  north,  above  the  confluence  of  the  Lyons  with  the 
Gascoyne,  and  about  130  miles  in  direct  distance  from  the  sea ;  both 
rivers  have,  as  I  am  informed,  cut  their  channels  through  a  flat- 
topped  range,  which  stretches  beyond  the  Lyons  to  the  north-west, 
and  on  the  top  of  which  are  found  fossils  very  numerous,  bedded  in 
limestone,  among  which  a  striated -winged  Spirifer  "  (probably 
Spirifer  vespertilio,  G.  Shy.  ?)  "  is  prominent.  It  may  be  assumed 
that  the  limestone  bed  is  superior  in  position  to  that  of  the  ferrugi- 
^  Spelt,  in  some  maps,  **  Gascoigne." 
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2  Dr.  JGT.  Woodward — Note  oh  an  Ichthyodorulite — 

nous  concretionary  sandstone  "  (day-ironstone)  "  in  which  the  fossil 
was  bedded"  (extract  from  Eev.  J.  G.  Nioolay's  letter  to  Lady 
Barker,  Gk)vemment  House,  Perth,  W.A.,  13th  July,  1883.) 

A  carefully-prepared  cast  from  the  natural  mould  of  the  fossil 
shows  us  in  relief  the  curved  outline  of  what  may  be  estimated  as 
about  three-fourths  of  the  entire  spine  of  a  fish  closely  related 
to  EdestuB  Eeinrichsii,  of  Newberry  and  Worthen,  from  the  Coal- 
measures  of  Belleville,  Illinois,  but  of  much  smaller  dimensions,  less 
robust,  and  more  highly  curved  than  the  American  species. 

We  see  in  the  Australian  fossil  14  perfect  flattened  lancet-shaped 
denticles,  the  cutting  edges  of  which  are  crenulated  along  each 
border  (like  the  teeth  of  many  of  the  Plagiostomous  fishes)  the 
denticles  being  closely  set  along  the  outer  curve  of  the  spine,  and 
touching  each  other  at  their  broadest  expansion.  They  increase 
gradually  in  size  from  one  extremity  of  the  fossil  to  the  other.  The 
smallest  denticle  measures  3  lines  in  breadth,  and  7  lines  in  length ; 
the  largest  is  5  lines  broad,  and  11  lines  in  height.  There  is  evidence 
of  the  bases  of  one  more  denticle  at  the  smallest  end,  and  two  more 
at  the  largest  end  of  the  spine.  The  outer  curve  (which  forms  the 
segment  of  a  nearly  true  circle  of  4|in.  diameter)  measures  around 
the  points  of  the  denticles  6f  in.,  and  on  the  inner  margin  of  the 
spine  (following  the  curve  in  each  case)  3J  in.  The  breadth  of 
the  spine  with  its  denticle  at  the  broadest  end  is  16  lines ;  and  at  the 
narrowest  end  1 1  lines.  The  character  of  the  American  Edesius  is 
that  the  shaft  of  the  spine  is  segmented  throughout,  and  breaks  up 
into  curved  portions,  each  bearing  a  denticle ;  these  segments  over- 
lap to  such  a  degree  that  the  bases  of  the  denticles  are  seen  to  curve 
beneath  each  other,  forming  a  series  of  raised  imbricated  ridges  on 
the  sides  of  the  spine,  each  curved  ridge  leading  up  to  the  base  of 
a  denticle,  as  admirably  shown  by  Prof.  Leidy  in  his  original  paper. 
The  substance  of  the  shaft  of  the  spine  of  the  Australian  fossil  must 
have  been  much  less  massive  than  the  American  form,  but  was 
evidently,  like  it,  highly  enamelled  along  its  outer  convex  toothed 
border,  the  hollows  of  the  cast  being  all  finely  glazed. 

In  the  Proceedings  Acad.  Nat.  Sci.  of  Philadelphia,  vol.  vii.  Oct.  30, 
1855,  p.  414,  Dr.  Joseph  Leidy  gives  the  name  EdesUts  vorax,  to  a 
new  genus  of  fishes,  founded  on  a  supposed  fragment  of  a  jaw  with 
portions  of  four  teeth.  In  the  Journal  of  the  Acad.  Sci.  .  of 
Philadelphia,  Nov.,  1856,  2nd  ser.  vol.  iii.  p.  159,  Dr.  Leidy 
describes  the  specimen  more  fully,  and  figures  it  on  plate  xv. 
"  The  fragment  of  jaw  is  six  inches  in  length ;  and  it  measures 
three  inches  in  depth  from  the  dental  border.  The  sides  are 
symmetrical,  and  slope  divergently  from  the  latter  position  towards 
the  base,  which  is  convex  and  moderately  keeled  in  the  median  line. 
At  the  dental  border  the  jaw  is  about  seven-eighths  of  an  inch  in 
thickness,  and  at  the  thickest  part  of  its  base  measures  one  inch 
and  four-fifths.  Longitudinally  the  base  of  the  jaw  is  slightly 
concave  and  furrowed.  The  surface  of  the  bone  is  covered  with 
fine  vermicular,  reticulating,  broken  ridges,  assuming  a  striking 
resemblance  to  Arabic  writing.     The  most  remarkable  peculiarity 
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from  the  Carboniferous  of  Western  Australia.  3 

of  the  jaw  is  its  segmented  character  ;  and  of  the  segments  the 
fossil  retains  two  very  nearly  perfect  ones  with  portions  of  two 
others.  Each  segment  in  outline  forms  an  irregular  pentahedron; 
and  (Bach  possesses  a  single  coossified  tooth,  whose  broad  surfaces 
abruptly  increase  the  acclivity  of  the  sides  of  the  jaw." 

This  specimen  is  most  probably  from  the  Carboniferous  series, 
and  was  found  at  Frozen  Rock,  Arkansas  River,  20  miles  below 
Fort  Gibson,  in  the  Indian  Territory. 

Prof.  J.  S.  Newberry  describes  a  much  smaller  specimen,  under 
the  name  of  Edestus  minor,  in  the  Geol.  Surv.  of  Illinois,  vol.  ii.  1866, 
p.  84,  and  gives  a  figure  on  plate  iv.  fig.  24.  This  figure  repre- 
sents one  tooth  only,  10  lines  long,  and  h\  lines  wide  at  base,  and 
8  lines  thick,  set  saddle-like  upon  the  edge  of  a  fiat,  bony  jaw.  This 
specimen  was  obtained  from  the  Coal  Measures,  Posey  County, 
Indiana.  In  vol.  iv.  of  the  same  work,  at  p.  360,  Newberry  and 
Worthen  describe  and  figure,  pi.  i.  fig.  la^,  15,  another  specimen 
under  the  name  of  Edestus  Heinrichsii,  from  the  Coal  Measures  of 
Belleville,  Illinois.  The  following  is  the  description  given  by 
Messrs.  Newberry  and  Worthen  of  Edestus  Heinrichsii,  N.  <fc  W., 
1870 : ' — **  Spine  robust,  one  foot  or  more  in  length,  by  two  and  a  half 


Fio.  1.— Part  of  the  spine  of  Edestm  spP  [E,  EeinriehtixT),  Goal  M.,  Indiana. 

inches  wide,  and  one  and  a  quarter  inch  thick,  composed  of  dense, 
bony  tissue,  symmetrically  flattened,  with  an  ovoid  section  below ; 
lenticular  above  ;  one  margin  nearly  straight,  the  other  gently 
arched  ;  the  basal  end  irregularly  rounded  ofif ;  the  arched  border 
set  with  nine  large,  triangular,  flattened,  doubly  crenulated, 
enamelled  denticles,  each  about  an  inch  in  height,  the  upper 
half  of  the  straight  line  forming  a  sharp  cutting  edge,  llie 
denticles  of  the  arched  border  are  broadly  triangular  in  outline, 
rising  perpendicularly  from  the  curved  edge  on  which  they 
rest,  each  three-quarters  of  an  inch  in  height,  by  one  and  a  quarter 
inch  in  breadth,  compressed  laterally,  with  crenulated  cutting  edges. 
They  are  contiguously  placed,  and  each  is  embraced  by  the  acute 

*  Geological  SnTrey  of  Illinois,  vol.  iv.  Geology  and  Palffiontology,  4to,  Illinois, 
1870,  pD.  360-353,  pi.  i.  figs.  U  and  \b.  Some  confusion  exists  in  the  references  to  the 
figores  here  ;  for  of  the  two  species  drawn  on  the  plate,  the  one  named  B.  Ueinrichsti 
agrees  best  with  liCidy's  original  fignre ;  whilst  the  one  named  E,  vorax,  which  agrees 
with  our  woodcut  ifupra),  luis  much  larger  denticles. 
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proloDgations  of  the  enamelled  base  of  the  superior  denticle,  which 
reaches  back  to  its  middle  point.  The  spine  is  segmented  throughout, 
each  segment  bearing  a  denticle ;  the  segments  overlapping  to  such 
a  degree  that  the  one  bearing  the  superior  denticle  reaches  two- 
thirds  of  the  distance  from  the  summit  to  the  base  of  the  spine." 

A  comparison  of  the  Australian  fossil  spine  with  the  American 
species  of  Edeatus  (excellent  casts  of  both  of  which  are  in  the 
British  Museum,  Natural  History)  has  convinced  me  that  its  true 
place  is  in  or  near  to  Leidy's  genus.  The  denticles  are  placed 
on  the  convex  edge  of  the  spine,  a  peculiar  feature  in  the  genus 
Edestua,  nearly  all  the  spines  of  fossil  plagiostomous  fishes  being 
denticulated  along  the  inner  concave  curved  edge.^  The  imbricated 
curved  lines  passing  from  each  denticle  obliquely  across  the  shaft  of 
the  spine  are  also  seen  in  both,  and  are  quite  peculiar  to  Edestus, 

Prof.  Newberry  has  clearly  pointed  out  the  objections  to  the  theory, 
at  first  suggested  by  Prof.  Leidy,  that  Edestua  was  part  of  the 
mandible  of  a  plagiostomous  fish.  He  mentions  that  **  the  jaws  of 
sharks  are  always  cartilaginous,  holding  the  bony  and  enamelled 
teeth  only  by  ligamentous  attachments,  so  that  in  a  fossil  state  the 
jaws  have  usually  disappeared,  and  the  teeth  are  scattered,  whereas 
in  Edesiw  we  have  a  dense  bone  to  which  the  tooth-like  denticles 
are  united  by  a  firm  bony  anchylosis."  Again,  "  The  form  of  the 
fossil  is  wholly  unlike  that  of  any  jaw  of  fish,  reptile,  or  mammal 
known,  being  rounded  below,  and  terminating  in  an  acute  point, 
smooth,  even  polished,  and  evidently  never  having  been  covered 
by  integument." 

In  comparing  the  Australian  fossil  with  various  specimens  in  the 
collection,  Mr.  William  Davies  drew  my  attention  to  the  similarity 
in  arrangement  of  the  teeth  of  Janassa  hitumtnoaa,  from  the  Permian 
of  Durham  ;  in  one  specimen  of  which  six  teeth  with  prolonged  and 
highly-curved  bases  may  be  seen  united ;  but  these  teeth  diflfer  in 
arrangement  from  the  denticles  of  Edestue  in  being  placed  broad- 
wise behind  each  other,  not  edge-to-edge  in  a  row,  as  in  Edeatus, 

The  only  structure  amongst  fossil  fishes  strikingly  analogous  to 
Edeatua  is  to  be  found  in  the  pectoral  fins  of  the  genus  named  by 
Agassiz  Plychodua,  from  the  Chalk  of  Sussex,  and  since  described 
by  Prof.  E.  D.  Cope  from  the  Chalk  of  Kansas,  under  the  name  of 
Felecopierua, 

Professor  Cope  writes : — "  The  entire  pectoral  fin,  so  far  as  is 
known,  is  devoted  to  the  construction  of  a  powerful  spine.  This 
follows  from  the  fact  that  the  spine  is  supported  by  all  the 
basilar  bones.  Six  of  the  latter  articulate  in  the  fosssB  of  the  groove 
of  the  scapulsu  They  are  flat,  contracted  at  the  middle,  and  ex- 
panded at  the  extremities.  In  front  of  these  are  two  others  of  a 
short,  thick,  cylindric  form,  one  applied  to  the  superior,  the  other 
to  the  inferior  facets  of  the  scapula  above  mentioned,  while  the 
tuberosity  rises  pedestal-like  between  them.  This  structure  gives  a 
slight  hinge-movement  like  the  opening  of  the  blade  of  a  knife,  and 

1  In  Pleuraeanthua  the  spines  are  barbed  on  both  edges,  and  so  also  are  the  spines 
of  the  Sting-rays. 
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entirely  unlike  the  rotary  hinge-movement  characteristic  of  the 
pectoral  spines  of  Siluroid  fishes." 

'^  The  spine  is  composed  of  parallel  rods  in  close  apposition.  The 
anterior  edge  heing  ohlique,  the  extremities  of  the  rods  terminate 
Buccessively  at  the  border,  which  is  trenchant,  constituting  the 
ofifensive  part  of  the  spine.  The  edge  is  hardened,  and  the  adjacent 
parts  of  the  spine  thickened,  and  in  some  cases  roughened  by  a 
deposit  of  a  hard  substance  resembling  enamel.  It  is  either  straight 
or  regularly  undulate  or  serrate,  with  recurved,  acute,  tooth-like 
processes.  The  smaller  species  exhibit  the  serrate  character,  the 
larger  the  regular  border.  In  either  case  a  most  formidable  weapon 
is  indicated,  not  less  admirable  than  those  already  described  from 
PalcBozoio  rocks.  There  is  a  eonsiderahle  resemblance  between  the 
serrate  type  and  the  spines  of  the  Carboniferous  genus  Edestus,  in 
which  the  teeth  are  more  developed  and  denticulate."  (E.  D.  Cope. 
Beport  of  the  United  States  Geological  Survey  of  the  Territories. 
F.  V.  Hayden,  U.S.  Geologist-in -charge,  vol.  ii.  p.  244b.  4to. 
Washington,  1875.)     (See  Woodcut,  infra,  Fig.  4.) 

Fig.  2.  Fig.  3.  Fig.  6. 


Fio.  2.  Pectoral  Spine  of  Aspredo  Imvia  ;  (recent]  Surinam, 
„     3.        „  „        Doras f  sp.  n       S.  America. 

„    4,        „  „        Feleecptenuy  sp..  Chalk,  Sussex. 

„    5.  DoxmI  Spine  of  Hybodm,  Wealaen,  Sussex. 
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Amongst  reoent  plagiostomoos  fishes  I  do  not  find  any  one  species 
with  spines  at  all  comparable  in  the  least  degree  with  the  type  of 
Edestus.  If  it  be  permissible  to  interpret  the  Australian  fossil  to  be 
the  impression  of  the  spine  of  the  pectoral  fin  of  an  EdettuB-WkQ 
fish,  there  are  numerons  examples  of  living  Siluroid  fishes  with 
powerful  pectoral  fin-spines,  some  of  which  at  least  have  denticles 
upon  the  outer  as  well  as  the  inner  edge  of  the  spine,  although  none 
are  so  highly  curved  as  the  Gascoyne  fossil.  Atimb  rita,  of  the  river 
Ganges,  has  denticles  on  hoik  edges  of  its  pectoral  spines ;  so  also 
has  Aspredo  Urns  (Woodcut,  p.  5,  Fig.  2),  from  Surinam  ;  Synodontis 
onUaSf  and  Auchenaapis  falcarius,  from  West  Africa ;  Ariw  falcariua, 
Formosa ;  and  Silurus  glani$,  from  Lake  Derkos ;  Doras,  sp.,  from 
South  America  (Woodcut,  p.  5,  Fig.  3),  and  many  others. 

It  is  difficult  to  imagine  any  fish  with  a  pectoral  spine  curved  to 
so  great  a  degree  as  is  this  Australian  ichthyodorulite,  but  on  the 
other  hand  it  seems  improbable  that  it  was  a  median  dorsal  defence. 

To  quote  again  from  Prof.  Newberry  : — **The  segmented  structure 
of  the  fossil  is  its  most  marked  and  anomalous  feature,  but  one 
equally  so,  whether  it  be  considered  spine  or  jaw,  and  for  which  no 
parallel  suggests  itself.  It  is  undoubtedly  to  this  structure  that  we 
must  ascribe  the  absence  of  a  large  medullary  cavity,  as  each 
segment  seems  to  have  been  nourished  somewhat  independently  of 
its  fellows. 

**  It  is  also  evident  that  this  spine  was  implanted  in  the  integu- 
ment at  a  low  angle,  and  that  an  investing  skin  or  other  nutrient 
tissue  covered  fully  half  its  surface,  on  the  lower  portion  reaching 
up  to  the  enamelled  bases  of  the  denticles.  This  is  the  relative 
position  of  the  defensive  spines  of  Bays,  to  which  an  analogy  is 
suggested  by  this  character. 

'*  In  some  plagiostomous  fishes,  a  bone  is  found  quite  buried  in  the 
integuments  of  the  back,  and  which  is  a  rudimentary  representative 
of  a  posterior  dorsal  fin ;  it  is,  therefore,  not  impossible  that  we 
have  iti  the  fossil  before  us,  a  higher  development  and  special 
modification  of  that  organ."    (Newberry  and  Worthen,  op.  ciL  p.  362.) 

Eeferring  again  to  the  valuable  and  suggestive  memoir  by  Prof. 
E.  D.  Cope  on  Pekeopterm  quoted  above  (p.  4),  I  cannot  but  think 
that  it  affords  the  most  probable  explanation  of  the  anomalous 
structure  in  Edestus, 

"  The  entire  pectoral  fin,"  says  Cope,  "  so  far  as  it  is  known,  is 
devoted  to  the  construction  of  a  powerful  spine."  "The  spine  is 
composed  of  parallel  rods  in  close  apposition.  The  anterior  edge, 
being  oblique,  the  extremities  of  the  rods  terminate  successively  at 
the  border,  which  is  trenchant,  constituting  the  ofifensive  part  of 
the  spine." 

It  appears  to  me  to  be  only  necessary  that  the  *  parallel  rods ' 
composing  the  spine  of  Pelecopterus  should  be  bent  into  curves, 
corresponding  to  the  segmentation  seen  in  Edestus,  and  we  at  once 
have  a  solution  of  the  peculiar  structure  in  the  latter. 

If  this  interpretation  be  accepted,  then  EdesUts  must  be  deemed  to 
be,  like  Felecopterus,  a  modified  pectoral  fin-spine,  composed  of  a 
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number  of  parallel  rods  in  close  apposition,  but  highly  curved  in 
the  former  ;  the  anterior  edge  in  both  being  oblique,  the  extremities 
of  the  rods  terminate  at  the  border,  constituting  with  its  dentated 
edge  the  offensive  part  of  the  spine. 

Without  attempting  more  on  the  present  occasion  than  to  point 
out  the  interesting  analogy  between  the  Australian  fossil  and  the 
American  genus  EdestuB,  it  seems,  nevertheless,  of  the  greatest 
interest  to  call  attention  to  the  probable  nature  of  this  organism 
and  its  geological  age. 

So  lately  as  June  6th,  1883,  Mr.  W.  H.  Hudleston,  F.11.S.,  F.G.S., 
communicated  a  paper  to  the  Geological  Society  of  London,  ''  On  a 
Collection  of  Fossils  and  of  Rock-Specimens  from  West  Australia, 
north  of  the  Qascoyne  River,"  since  published  in  the  Quart  Journ. 
Gebl.  Soc.  vol.  xxxix.  pp.  682-595,  pi.  xxiii. 

In  this  paper  Mr.  Hudleston  mentions  an  earlier  paper  by  Mr. 
F.  T.  Gregory  in  1861,  and  a  map  and  sections  presented  to  the 
Society  in  1847.  "  The  paper  and  sections  by  Mr.  Gregory  must 
be  regarded  (says  Mr.  Hudleston)  as  having  laid  the  foundation  of 
Western  Australian  Greology  south  of  the  parallel  of  the  Gascoyne 
river."  *' Mr.  Forrest,  the  Colonial  Surveyor,  appears  to  have 
discovered  a  range,  or  more  properly  a  sort  of  continuous  out- 
crop trending  N.N.W.  for  nearly  160  miles,  which  has  yielded  an 
interesting  suite  of  Carboniferous  fossils."  A  list  of  about  32  species 
is  given  by  Mr.  Hudleston,  namely,  5  Corals,  2  Echinodermata,  4 
Polyzoa,  8  Brachiopoda,  and  2  Lamellibranchiata.  It  is  not  with- 
out interest  in  connection  with  the  present  discovery  of  a  Fish-spine 
in  this  region  closely  related  to  the  American  Edeatm  of  Leidy,  that 
two  species  of  Evactinopora  are  described,  one  of  which  is  said  to  be 
similar  to  Meek  and  Worthen's  Evactinopora  grandis  and  is  also, 
like  EdestuBy  from  the  Carboniferous  of  Illinois  (see  Hudleston,  op,  ciL), 

I  have  been  requested  to  append  the  discoverer's  name  to  this 
fossil,  and  as  I  am  unwilling,  in  the  present  state  of  our  knowledge, 
to  make  a  new  genus  for  its  reception,  1  propose  to  name  it  Edesius, 
Davisii, 

EXPLANATION  OP  PLATE  I. 

Fio.  la.  Pectoral  fin  ?  spine  of  Edestus  Davisiij  H.  Woodw.  (nat  size),  from  the 

Carboniferous  Series  of  the  Gascoyne  District,  Western  Australia. 
1^.  Conjectural  outline  section  of  spine. 

II. — Ibish  Mbtamobphio  Books. 

By  G.  H.  EiNAHAK,  M.B.I.A.,  etc. 

Bead  at  British  Association,  Aberdeen,  1885. 

rQ  meeting  of  the  British  Association  in  Montreal  gave  different 
Irish  geologists  facilities  for  examining  the  Archaean  rocks  of 
Canada  and  the  States,  while  since  then  they  and  also  American 
geologists  have  had  opportunities  for  studying  the  Irish  Metamorphic 
rocks;  it  may  therefore  he  allowahle  to  give  an  epitome  of  our 
knowledge  in  regard  to  the  latter. 

In  ten  localities  in  Ireland  are  found  metamorphic  rocks  more  or 
less  similar  to  those  of  America ;  these  localities  may  he  classified  as 


Digitized  byVjOOQlC 


8  (7.  E.  Kindhan — Irish  Meiamorphic  Bocks. 

follows : — Ist,  Boylagh  and  Eilmaorenan,  Co.  Don^^l ;  2nd,  Tirhugb, 
Co.  Donegal;  8rd,  Erris,  Co.  Mayo;  4th,  Slievegamp  and  Ox 
Mountain,  Cos.  Mayo,  Sligo,  and  Leitrim ;  5tli,  Cfaarlestown  district, 
Co.  Mayo ;  6th,  SlieTegallion  or  Pomeroy  district,  Cos.  Tyrone  and 
Derry;  7th,  Cary  or  Ballycastle  district,  Co.  Antrim;  8th,  Yar- 
Connaught  or  West  Galway ;  9th,  Croaghankinshella,  Cos.  Wicklow 
and  Wexford ;  and  10th,  Carnsore,  Co.  Wexford. 

Boylagh  and  Kilmacrenan. — These  are  the  northern  baronies  in  the 
county  of  Donegal,  across  which  obliquely  a  tract  of  granitic  rocks 
extends,  having  outlying  patches  in  RossguU  and  Fanad,  in  the  latter 
barony.  In  connection  with  the  gneiss  there  are  some  remarkable 
peculiarities  which  as  yet  have  not  been  explained ;  but  as  the  country 
has  still  to  be  completely  explored,  it  seems  expedient  only  to  say 
that  the  Americans  seem  to  consider  the  gneiss  and  associated  schists 
of  Lackagh  valley  to  be  lithologically  identical  with  the  American 
rocks  of  Mt  Alban  series  (Hitchcock)  or  Hudson  River  series  (Dana), 
as  seen  in  the  vale  of  the  Schuyllkill  river,  Pennsylvania  ;  and  these 
American  rocks  they  consider  to  be  the  equivalents  of  the  English 
Ordovician  or  Lower  Silurian.  Immediately  south  of  the  gneissoid 
rocks  supposed  to  be  Laurentians,  there  is  a  long  tract  of  rocks 
which  lithologically  are  identical  with  some  of  the  Ontario 
Laurentians,  much  more  so  than  any  of  the  gneissose  rocks ;  they, 
however,  have  been  ignored.  To  the  main  tract  of  gneiss  in  the 
barony  of  Eilmacreenan,  in  any  place,  either  along  the  north-west 
or  south-east  of  its  limits,  there  are  no  hard  boundaries  to  indicate  an 
nnoonformability  or  fault  boundary,  as  along  these  boundaries  the 
gneiss  graduates  into  schists,  and  the  latter  into  submetamorphic  rocks  ; 
to  the  south-east,  however,  the  graduation  is,  in  general,  more  rapid 
than  to  the  north-west. 

Tirhugh. — This  tract  is  situated  to  the  N.W.  of  Pettigo,  in  the 
south  portion  of  the  Co.  Donegal.  The  rocks  partake  very  much  of 
the  lithological  characters  of  some  of  the  Ontario  Huronians  and 
Laurentians,  but  up  to  the  present  time  they  have  not  been  claimed 
as  Irish  Laurentians.  In  former  writings  I  have  suggested  that  they 
are  probably  the  representatives,  either  of  the  Passage  beds  between 
the  Ordovicians  and  the  Cambrian,  or  of  the  Upper  Cambrians. 

Erris. — This  is  a  portion  of  North-west  Mayo.  The  gneissose 
rocks  have  no  well-defined  boundaries  ;  neither  has  there  been  found 
in  connection  with  them  an  overlying  unconformable  conglomerate, 
as  has  been  believed  by  some,  on  account  of  the  wording  of  their 
published  descriptions.  In  former  papers  (Royal  Geol.  Soc.  Ireland) 
I  have  suggested  that  these  rocks  are  metamorphosed  Cambrians, 
but  no  positive  statement  can  be  made  as  to  their  age ;  lithologically 
they  are  similar  to  the  metamorphosed  Cambrians  of  the  Co.  Wexford, 
but  they  are  also  very  like  some  of  the  American  Laurentians. 

Slieve  Oamp  and  Ox  Mountains. — ^These  rocks  occupy  a  long 
narrow  strip  which  extends  from  north-east  Mayo,  across  Sligo  into 
the  county  of  Leitrim.  Some  of  the  rocks  are  peculiar,  as  they  occur, 
similarly  to  the  Norians  of  the  Province  of  Quebec,  as  intrusive  masses, 
into  which  a  coarse  foliation  has  been  subsequently  introduced.    The 
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assemblage  appears  to  be  the  Dorth-easterly  extension  of  the  rocks 
of  West  Gal  way ;  elsewhere  I  have  suggested  that  they  are  probably 
either  metamorphosed  Ordovicians  or  Upper  Cambrians. 

Charlestown  District. — This  small  exposure  ocoiirs  near  the  north- 
east boundary  of  Mayo ;  the  rocks  are  more  or  less  similar  to  those 
in  Tirhngh,  but  so  few  of  them  are  exposed  that  it  is  difficult  to 
form  an  opinion  as  to  their  age ;  for  the  reasons  given  in  a  paper 
read  before  the  Royal  Irish  Academy,  I  have  suggested  that  they  may 
be  either  of  Upper  Cambrian  or  Ordovician  age,  probably  the  latter. 
As  yet  they  have  not  been  claimed  as  Laurentians. 

Slieve  GcUlion  or  Pomeroy  District. — This  area  is  principally  in 
the  Co.  Tyrone,  only  a  small  portion  extending  into  the  Co.  Derry. 
llie  opinions  in  regard  to  the  age  of  the  rocks  have  undergone 
sudden  and  extraordinary  changes.  First,  they  were  mapped  as 
of  Lower  Silurian  age,  and  when  I  showed  that  this  classification 
must  be  incorrect,  it  was  again  insisted  on ;  but  subsequently  this 
opinion  was  suddenly  ignored,  and  they  were  stated  to  be  of  Laurentian 
age.  Lithologically  many  of  these  rocks  are  very  similar  to  some  of 
the  Canadian  Huronians,  and  if  there  are  any  Archaean  rocks  in 
Ireland,  they  probably  occur  here,  as  the  rocks  are  evidently  much 
more  ancient  than  the  Ordovician  to  the  south,  while  they  appear 
to  be  older  than  the  snbmetaraorphic  rooks  to  the  northward  in  the 
Co.  Derry;  however,  for  reasons  given  elsewhere,  I  suspect  that 
they  are  metamorphosed  Cambrians. 

Cary  or  Ballycastle  District. — These  rocks  occupy  a  tract  at  the 
extreme  north-east  of  Ireland,  in  the  Co.  Antrim.  They  seem  to  be 
the  north-east  extension  of  the  Slievegallion  rocks,  and  to  be  of  a 
similar  age,  having  been  heaved  northward  by  the  great  faults  of 
the  Lough  Neagh  basin.  As  yet  they  appear  to  have  escaped  the 
general  confiscation. 

Tar-  Connaught  or  West  Qcdway. — ^This  tract  lies  immediately  north 
of  Gkdway  Bay.  The  age  of  these  rocks  is  very  apparent,  they 
rest  on  a  great  anticlinal  curve,  the  axis  of  which  dips  westward, 
thus  bringing  up  the  oldest  rocks  to  the  westward,  in  the  hill  group 
called  Benuabeola.  Some  of  the  older  rocks  are  lithologically  identical 
with  the  Laurentians  of  the  district  of  Chelsea,  Province  of  Quebec. 
Tet  these  older  rocks  of  Benuabeola  have  not  been  claimed  as 
Lanrentians,  although  the  younger  rocks  to  the  southward  have 
been  —  although  the  latter,  from  their  fossils  in  the  unaltered 
portions,  appear  to  be  the  equivalents  of  the  English  Llandeilo  and 
Bala  series. 

OroaghanJdnsliella. — Here  the  highly  altered  rocks  occupy  a  small 
tract  at  the  meeting  of  the  counties  of  Wicklow  and  Wexford,  and 
if  lithologioal  characters  are  conclusive,  they  ought  to  be  included 
among  the  Irish  Laurentians,  which  up  to  the  present  has  not  been 
done.  Northward  they  have  a  hard  boundary ;  southward  their 
margin  is  obscured  by  superficial  accumulations,  but  eastward  and 
westward  they  graduate  into  the  rocks  belonging  to  the  upper 
divisions  of  the  Irish  Ordovicians. 

Camsore. — This  is  a  small  tract  at  the  S.W.  extremity  of  Ireland, 
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in  the  Co.  Wexford.  The  rocks  therein  have  not  been  claimed  as 
Lanrentians  by  Dr.  Hull,  although  some  have  been  so  classed  by 
Dr.  Callaway.  All  the  rooks  are  evidently  portions  of  one  group. 
To  me  it  would  appear  that  unquestionably  they  belong  to  the 
neighbouring  rocks,  which  by  their  fossils  are  proved  to  be  of 
Cambrian  age. 

The  sole  evidence  for  the  existence  of  Lanrentian  rocks  in  Ireland 
is  the  lithological  characters  of  the  rocks ;  and  if  such  characters 
are  of  value,  they  ought  to  be  of  equal  value  in  every  case.  This, 
however,  is  not  the  case,  as  in  many  places  rocks  lithologically 
more  or  less  similar  to  the  American  Laurentians  are  left  out  in  the 
cold ;  while  in  other  places  younger  rocks,  whose  age  is  indicated 
by  their  fossils,  are  included. 


ni. — The  Tuffkau  dk  Ciply  shown  to  be  chiefly  of  Tebtiaby  Age. 
By  MM.  A.  KuTOT  and  £.  Van  dbn  Bbobok. 

WE  wish  briefly  to  state  an  important  result,  which  the  study  of 
certain  Tertiary  and  Cretaceous  beds  in  the  neighbourhood  of 
Mous  has  enabled  us  to  arrive  at 

For  a  long  time  past,  the  beds,  well  known  in  the  district  just 
mentioned,  by  the  name  of  Tuffeau  de  Ciply,  have  been  considered 
by  all  geologists  to  be  the  equivalents  of  the  Maestrichtien,  that  is 
to  say,  as  belonging  to  the  highest  subdivision  of  the  Cretaceous 
series  of  Belgium. 

Now,  our  recent  researches  have  convinced  us  that  in  the  group 
of  beds  called  the  Tuffeau  de  Ciply,  there  have  been  confounded  two 
series  quite  distinct  from  each  other : 

A.  A  lower  fossiliferous  series  of  slight  thickness,  extremely  rich 
in  characteristic  Cretaceous  species,  amongst  which  may  be  men- 
tioned specially  Thecidium  papilla  turn  and  Belemnilella  mueronata. 
We  propose  to  give  to  this  inferior  tu£feau,  which  appears  to  cor- 
respond to  certain  horizons  of  the  Upper  Cretaceous  (Maestrichtien) 
of  Limbourg,  the  name  of  Tuffeau  de  &L  Symphorien^  from  the  locality 
where  it  may,  at  present,  be  best  observed. 

JB,  An  upper  series,  with  fossiliferous  zones,  devoid  of  Cretaceous 
species,^  but  containing,  on  the  contrary,  a  fauna  with  a  Tertiary 
facies,  including  numerous  forms  identical  with  those  of  the  Calcaire 
grostier  de  Mons,  This  series,  which  attains  a  thickness  of  nearly 
twelve  metres,  constitutes  the  type  of  the  deposit  known  by  the 
name  of  Tuffeau  de  Ciply,  Its  base  is  formed  by  a  conglomerate 
called  the  Poudingue  de  la  Malogne,  which,  in  certain  localities,  con- 
tains numerous  rolled  Cretaceous  forms  derived  from  the  underlying 
formations. 

The  preceding  data  have  been  derived  from  stratigraphical  and 
palseontological  observations,  which  show,  furthermore,  that  there 
exists  an  insensible  passage  between  the  Eocene  formation  known 
as  the   Calcaire  grossier  de  Mon$  and  the  Tuffeau  de  Ciply,  by  the 

^  Nerertheless,  two  Maestrichtian  fonns,  Thecidium  longirostre,  Bosq.,  amdi  Arffiop^ 
mict'oscopiea,  Schloth.,  have  passed  up  into  the  Eocene  Tufeau  de  Cipl^. 
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intervention  of  a  deposit  called  the  CaJeaire  de  Cuesmes  d  grands 
Cerithes.  On  the  other  hand,  a  well-marked  separation  exists 
between  the  Tuffeau  de  Ciply  and  the  underlying  Cretaceous  tuffeau 
with  Theeidium  papiUatum. 

Our  palsdontological  proofs  are  founded  on  the  presence  of  nearly 
a  hundred  species,  for  the  most  part  oasts  or  impressions,  collected 
in  the  Tuffeau  de  Ciplify  from  its  base  upwards,  among  which  species 
there  exist  only  a  very  few  Cretaceous  fossils,  and  these  rolled, 
evidently  derived  from  the  underlying  beds,  in  contrast  with  a  rich 
fauna  having  a  Tertiary  fades,  consisting  of  Gasteropods,  Lamelli- 
branchs,  Corals,  eta,  amongst  which  may  be  distinguished  species 
either  identical  with  those  of  the  Calcaire  de  Mons,  or  nearly  allied 
to  them,  associated  with  numerous  forms  probably  new. 

A  general  examination  of  the  smaller  organisms,  such  as  Fora- 
minifera,  Folyzoa,  etc.,  leads  us  to  believe  that  their  comparison 
with  the  microscopical  fauna  of  the  Calcaire  de  Mons  will  lead 
to  conclusions  similar  to  those  which  we  have  arrived  at  from  a 
comparison  of  their  molluscan  fauna. 

We  intend  shortly  to  publish,  in  the  Bulletin  du  Mus6e  d'histoire 
nature]  le  de  Belgique,  a  Memoir  setting  forth  in  detail  the  results 
that  we  have  now  briefly  stated,  and  which  modify  in  an  unexpected 
manner  the  stratigraphical  position  of  the  line  of  separation  of  the 
Cretaceous  and  Tertiary  formations  of  Belgium. 


lY. — Ok  a  Modern  Ferruginous  Conglomerate  upon  Ashby 
Wolds,  Leiobstsrshire. 

By  W.  8.  Greslby,  F.G.S. 

DXJEING  the  summer  of  1885,  in  excavating  for  a  small  reservoir 
for  colliery  purposes  at  Moira,  three  miles  west  of  Ashby-de-la 
Zouch,  an  interesting  deposit  of  a  kind  of  Limonifce  Iron-ore  was 
met  with,  the  following  description  of  which  may  interest  some  of 
the  readers  of  the  Geological  Magazine. 

The  bed  occurred  about  five  feet  below  the  surface  soil,  near  a 
small  stream,  at  a  place  called  ** Hanging  Hill"  [see  Geol.  1-inch 
Map,  Quarter-Sheet  No.  63,  N.W.].  In  thickness  it  hardly  reached 
a  foot,  but  its  extent  was  not  proved;  it  rested  unconformably 
upon  stiff  blue  clay  of  the  Coal-measures,  and  was  overlaid  by 
yellowish  clay,  loam,  sand,  eta,  unstratified,  containing  a  few  pebbles 
and  other  drifted  matter ;  it  wsb  principally  composed  of  nodules 
and  fragments  of  nodules  of  earthy  yellowish  brown  ironstone,  of 
similarly  formed  pieces  of  very  hard  and  compact  light  grey  siliceous 
stone  having  a  thin  crust  or  shell  of  compact  dark  brown  iron-ore, 
(probably  gothite),  of  sandy  nodular  masses  largely  composed  of 
limonite ;  of  fragments  and  small  nodules  of  fossiliierous  hard  red 
haematite  generally  coated  with  a  bright  red  skin  which  is  often 
powdery ;  also  specimens  of  compact  brown  iron  ore  having  a  yellow 
ochre  coating,  sometimes  the  compact  red  and  yellow  hsdniatites  are 
associated  in  the  same  sample,  the  latter  variety  appears  to  form 
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a  kind  of  shell  to  the  red  ore,  though  ocoasionally  the  two  kinds 
exist  in  thin  alternating  bands.  These  hard  haematite  fragments 
are  sometimes  partially  composed  of  quartz  grains,  and  the  ooncentric 
zones  of  oxidation  seen  upon  the  snrface  of  the  specimen  run  through 
the  gritty  parts  just  as  they  do  through  those  devoid  of  the  quartz 
grains.  Other  specimens  observed  should,  I  think,  be  termed  iron- 
jasper  rather  than  classed  as  haematite.  The  remainder  of  the  in- 
cluded pebbles,  etc.,  are  chiefly  those  of  quartzite  and  fine-grained 
hard  sandstones  and  slaty  rocks  of  yellow,  brown,  and  green  tints ; 
also  small  fragments  of  coal.  The  size  of  the  fragments  in  the 
deposit  range  from  mere  specks  to  say  eight  inches  in  length,  and 
the  whole  mass  is  cemented  together  into  a  very  hard  and  often 
compact  rock  by  brown  iron  ore  of  a  semicrystalline  siliceous 
character.  The  bed  is  also  fossiliferous,  in  that  it  contains  bits 
of  decayed  vegetable  detritus,  amongst  which  well-preserved  nuU 
(hazel-nuts)  occur.  These  organic  remains  are  not  petrified,  but 
only  browned  and  blackened,  just  as  we  sometimes  find  Lepidostrobi, 
ferns,  etc.,  occurring  in  a  peculiar  decayed  and  carbonised  condition 
in  certain  beds  of  the  Coal-measures. 

In  regard  to  the  derivation  of  this  conglomerate  and  the  way  in 
which  it  was  probably  formed,  I  may  add  that  the  nodular  lumps 
of  earthy  iron-ore,  as  well  as  the  harder  limonite-crusted  masses, 
were  originally  clay-ironstones,  eta,  of  the  neighbouring  Goal-mea- 
sures ;  that  the  fragments  of  hard  haematite  (which  are  *  burnishers') 
have  been  derived  from  the  outcrop  of  the  Permian  breccias  by 
which  the  western  margin  of  the  exposed  Leicestershire  Coal-field 
is  partly  overlaid  [see  Gbol.  Mag.  for  1885,  p.  883],  and  that  the 
quartz  and  other  pebbles,  etc.,  have  come  from  the  Bunter  series,  also 
found  within  a  mile  or  so  of  the  locality  of  this  iron-ore  gravel- 
bed.  The  nuts,  twigs,  eta,  were  of  course  buried  during  the 
deposition  of  the  gravel,  but  the  cementing  iron-ore,  which  has  acted 
chemically  so  much  upon  the  mass  (as  evidenced  by  the  staining  of 
the  pebbles  and  the  alteration  of  the  clay  iron-stones  and  other  frag- 
ments), I  consider  has  been  thrown  down  during  a  quiet  period 
subsequent  to  the  deposition  of  the  stones,  etc.,  and  was  most  likely 
produced  from  chalybeate  waters  issuing  from  the  Coal-measures 
close  by  the  bed  of  gravel ;  the  whole  was  subsequently  covered  over, 
and  thus  consolidation  resulted. 

It  need  scarcely  be  added,  that  the  presence  of  hazel-nuts  in  the 
deposit  proves  it  to  be  of  quite  recent  date. 

PosTSOBiPT. — ^The  finding  of  a  rusty  iron  nail  of  square  section, 
in  lengh  2^  inches,  which  is  thickly,  though  irregularly,  encrusted 
writh  iron  oxide  and  sandy  matter,  in  this  deposit,  shows  it  to  be  of 
quite  recent  date. 

I  am  inclined  to  think,  from  the  appearance  of  the  locality,  that 
this  iron-gravel  occupies  what  was  once  the  upper  or  shallow  end  of 
the  bed  of  a  mill-pond  ;  at  all  events  the  character  of  the  deposit  is 
such  as  we  might  perhaps  expect  to  find  in  such  a  situation. 
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V. — On  the  Graptolitb  Family  Dichoobaptid^,  Lapw. 

By  Dr.  Otto  Hbrbmanm.^ 
[TranBlated  and  Abridged  by  W.  S.  Dallas,  F.L.8.] 

Sub-order  Bhabdophoba,  Allm.   Group  Gkaptolitid^,  Lapw. 
Family  DiOHoonAPTiDiB,  Lapw. 

Hydrosoma  bilaterally  developed.  Branches  regular,  always  fnr- 
nisbed  only  with  a  single  series  of  bydrothecae  (Monoprionidian). 
Hydrothec83  rectangular,  touching  one  anotber,  tbeir  inferior  margin 
sligbtly  curved.  Sicula  generally  persistent ;  its  free,  pointed,  down- 
wardly directed  end  at  the  proximal  extremity  of  the  hydrosoma. 

In  1851  M*Coy  (Brit.  Pal.  Foss.  p.  9)  proposed  the  generic  name 
Didymograptus  for  two-branched  species  witb  one  row  of  cells 
"sometimes  on  the  inner,  sometimes  on  the  outer  side  of  the 
brancbes."  Nearly  at  the  same  time  Geinitz  established  bis  genus 
CladograptuB  to  include  all  two-armed  or  furcate  Graptolites.  These 
two  denominations  have  been  employed  in  various  senses  by  succeed- 
ing authors,  and  considerable  confusion  has  resulted.  Hall'  remarked 
that  tbese  genera  contained  at  least  two  distinct  types,  and  proposed 
to  retain  the  name  Didymograptus  for  such  forms  as  P.  Murchisoni, 
Beck,  and  to  give  that  of  Cladograptus  to  Didym,  divaricatus,  Hall, 
and  its  allies.  His  genus  Dicranograptua  applied  to  forms  like  D. 
ramostiSt  Hall,  may  be  dropped. 

In  1871  Hopkinson'  separated  sucb  forms  as  Didymograptus 
(Cladogr.)  Forchhammeri  under  the  generic  name  of  Dicellograptus, 
He  adopted  Hall's  view  of  tbe  nature  of  Didymograptus,  aboli^ed  the 
name  Cladograptus  as  a  designation  of  two-branched  Graptolites,  and 
accepted  Hall's  name  Dicranograptua,  Tbe  two-brancbed  Graptolites 
were  thus  divided  into  three  genera : — 


v\/ 


12  8 

Fio.  1.  DidymograpiUB  vaeiUans^  TuUber^. 
„     2.  Dieelloffraptus  Forehhammeri^  Geinitz. 
„    3.  Dicranoffrapius  ramotu8,  Hall. 


^  Abridged  from  the  third  chapter  of  Dr.  Herrmann's  paper  in  the  Nyt  Magazin 
for  Naturyidenakabeme,  vol.  xxix.  pp.  124—214.  (See  also  Geol.  Mao.  1886,  Dec. 
111.  Vol.  II.  pp.  406  and  448.) 

>  Introduction  to  the  Study  of  the  Graptolites,  Albany,  1868,  p.  234. 

»  GioL.  Mao.  1871,  Vol.  Till.  p.  20,  PL  I. 
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1.  DidymograptuSj  M*Coy  (belonging  to  Lapworth's  family  Dicbo- 

graptidsa)  witb    suob   forms    as    D.   Murchisoni,   Beck  and 
D.  vacillatiB,  Tullb.  (Woodcut,  p.  18,  Fig.  1). 

2.  DiceUograpiui,  Hopk.  (of  tbe  family  Dicbograptid»,  Lapw.) 

with  such  forms  as  Z>.  Forchhammeri,  Oein.  (Fig.  2). 
8.  Dicranograptu$,  Hall  (of  the  family  Dicranograptidsd,  Lapw.) 

with  such  forms  as  2).  ramosuSf  Hall  (Fig.  8). 
To  these  may  be  added  the  still  somewhat  problematical  genus  of 
the  family  Dichograptidas : — 

4.  Janograptua,  Tullb.,  with  such  forms  as  Janograptus  laxaitUf 

Tullb.  (see  p.  16). 
The  following  genera  are  adopted  by  the  author : — 

G^nus  I.  DiDTMOOBAPTUs,  M'Coy. 

Hydrosoma  bilaterally  symmetrically  developed,  consisting  of  two 
simple  branches  diverging  at  an  angle  of  70° — 180*^.  Sicula  well 
preserved  and  always  visible.  The  two  primordial  buds  originate  in 
the  neighbourhood  of  the  broad  end  of  the  sicula.     Lower  Silurian. 

Species, 
a.  Type  Didymograptue  pattdu$,  Hall. 

1.  Didymograptua  patulus  (Hall),  Nich.,  Hopk.  and  Lapw.,  BrSgger. 

OraptoUthuB  patulus,  HaU,  J).  hirtmdOf  Salt.,  Nioh. 

Angle  of  divergence  about  180°. 

Horizons  and  Localities. — Quebec  Group,  Canada ;  Middle  and  Upper 
Arenig,  St.  Davids ;  Skiddaw  Slates,  North  of  England ;  lower  part 
of  the  PhyllograptuS'Shales,  Norway;  Phyllograptus-shaleB,  Skfine 
and  West  Gothland. 

2.  Didymograptus  eonstrictus  (Hall),  Linnars.,  Lapw.,  Brogg. 

Oraptolithui  eonstrictus,  Hall. 
Quebec  Group,  Canada ;  Lower  Graptolite  shales,  Skane ;  Phyllo- 
^rap^tw-shales,  Norway. 

8.  Didymograptus  extensus  (Hall),  Nich.,  Hopk.,  and  Lapw.,  M*Coy, 

Br6gg. 

Oraptolithus  extensus.  Hall. 

Quebec  Group,  Canada ;  Lower  Arenig  (Wales) ;  doubtfully  in 
the  Lower  Bala  of  Australia;  Lower  part  of  PhyllograptuS'Shsles, 
Norway. 

4  JDidymograptus  euodus,  Lapw.  (and  Hopk.). 

D.  extensus,  var.  euodus,  Lapw. 
Hbr.  and  Loc. — Lower  Llandeilo,  Wales. 
6.  Didymograptus  arcuatus  (Hall). 

QraptolUhus  areuatus.  Hall. 
Quebec  Group,  Canada. 

6.  Didymograptus  extenuatus  (Hall),  Lapw. 

Oraptolithus  extenuatus,  Hall. 
Quebec  Group,  Canada. 

7.  Didymograptus  similis  (Hall),  Lapw. 

Oraptolithus  similis,  Hall. 
Quebec  Group,  Canada. 
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8.  JXdymograptuB  superstes,  Lapw. 

Lower  Bala,  Ireland  ;  doubtfully  near  Albany,  N.Y. 

9.  Didymograptus  nitidus  (Hall),  Nich.,  Etber.,  Lapw. 

Oraptolithui  nitidua^  Hall. 
Qaebeo  Oroup,   Canada;    Skiddaw  Slates;    Arenig,   Australia; 
doubtfully  in  Phyllograptm-HhdXQ^,  Norway. 

10.  Didymograptus  sneeicua,  Tullb.,  Lapw.,  Brogger. 
Tetragraptus-zone,  Sk&ne ;  Phyllograptus-shales,  Norway  ? 

b,  l^pe  Didymograptus  MurchtBoni,  Beck. 

11.  Didymograptus  Murchisoni  (Beck),  Baily,  Tornquist,  Hopk., 
Nick,  Trom.  and  Lebesa,  Lapw.,  Tullb. 

GraptoUlhtu  Murchiaonif  Beck,  Boeck. 
Prianotua  (?)  yefninutf  His. 
GmptoUthui  geminui,  Scharenb.,  Kjeralf. 
IHdymoyraptm  fureillatwy  Hopk.  and  Lapw. 

Angle  of  divergence  about  40°. 

Lower  Llandeilo,  Wales ;  DidymograptuB- Murchisoni  zone  (Et  4.) 
Norway,  Sk&ne,  France,  Portugal. 

12.  DidymograptuB  indmUuB  (Hall),  Hopk.  and  Lapw.,  Brogger, 
Tullb. 

Quebec  Group,  Canada;  Upper  Arenig,  Wales;  PhyllograptuB- 
shales,  Norway  ;  zone  with  TetragraptuB,  Sk&ne. 

13.  DidymograpttiB  indeniuB,  var.  nanuB,  Lapw.  and  Hopk. 

D.  geminttty  Nich. 
Skiddaw  slates,  N.  England ;  Upper  Arenig,  Wales ;   Lower  and 
Middle  Llandeilo,  Wales. 

14.  DidymograptuB  minutuB,  Tornquist,  Lapw. 
FhyllograptuB-sha\e8,  Dalecarlia. 

15.  DidymograptuB  hifiduB  (HaU),  Nich.,  Hopk.,  and  Lapw., 
Brogger,  Tullb. 

Angle  of  divergence  16^-20°. 

Quebec  Group,  Canada ;  Skiddaw  Slates,  N.  England  ;  Upper 
Arenig,  Wales.  A  somewhat  divergent  form  in  PhyllograptuB-shaleB, 
Norway ;  zone  with  PhyUograptuB  typuB,  Sk&ne ;  Upper  Arenig, 
N.  England. 

c.  Type  DidymograptuB  faBcictdatuB,  Nich. 

16.  DidymograptuB  foBciculatuB,  Nich.,  Lapw. 
Upper  part  of  Skiddaw  Slates. 

17.  DidymograptuB  arcuatuB  (Hall),  Nich. 

With  a  pixx)es8  opposite  to  the  sicula.    Quebec  Group,  Canada. 

d.  Type  DidymograptuB  pennatuluB  (Hall). 

18.  DidymograptuB  pennatuluB  (Hall),  Hopk.  and  Lapw. 
Angle  of  divergence  nearly  180°  (Hall). 

Quebec  Group,  Canada ;  Lower  Arenig,  Wales. 

19.  DidymograptuB  BparBUB,  Hopk.,  Lapw. 
Lower  Arenig,  Wales. 

20.  DidymograptuB  gihheruluBy  Nich.,  Lapw. 
Lower  part  of  Skiddaw  Slates,  N.  England. 
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e.  Type  Dtdymograptus  affiniSf  Nioh. 

21.  Dtdymograptua  affinis,  Nioh.,  Hopk.  and  Lapw.,  Tomquist. 
Angle  of  divergence  90°-160^ 

Skiddaw  Slates,  N.  England ;  Upper  Arenig,  Wales ;  doubtfully 
in  PhyUograptiM-shdleB,  Dalecarlia. 

22.  Didymograptus  JUiformis,  Tullb.,  Lapw.,  Brogg. 
TetragraptuS'Zone,  Skllue ;  PhyUograptus-ehdleB,  Norway. 

23.  DidymograptuB  NichoUoni,  Lapw.,  Hopk.  and  Lapw. 

D.  8erratulu9t  Nich. 
Upper  Arenig,  Wales ;  upper  part  of  Skiddaw  Slates,  N.  England ; 
doubtfully  in  Fhyllograptus-shales,  Norway. 

24.  DxdymograptuB  pmillus,  Tullb.,  Lapw.,  Brogger. 
Angle  of  divergence  146°-166°. 
Tetragraptus-7X)n%j  Sk&ne ;  ?  P^^Z/o^rapttM-shales,  Norway. 

25.  Didymograptus  serratulus  (Hall),  ?  Lapw. 

Hudson's  River  Group,  New  York  ;  ?  Utica  Slates,  New  York. 

26.  Didymograpius  striattdus,  Linnarsson,  Nich.,  Lapw. 
Lower  Graptolite  shales,  West  Gothland. 

/  Type  Didymograptus  V-fracius,  Salter. 

27.  Didymograptus  V-fracius,  Salt.,  Nich.,  Lapw.,  Brog^.,  Tullb. 
Skiddaw  Slates,  N.  England ;  TetragraptuS'Zone,  Sk&ne ;  Lower 

part  of  Fhyllograptu8'8hsAe»,  Norway. 

28.  Didymograptus  halticus,  Tullb.,  Lapw. 

Eesembles  the  preceding.  —Angle  of  divergence  60^-105*^. 
Tetragraptus-zone,  Sk&ne  ;  Phyllograptus-shaleB,  Norway. 

29.  Didymograptus  Pantoni,  M  Coy,  Salt.,  Ether.,  Lapw. 
Skiddaw  Slates,  N.  England ;  Australia. 

30.  Didymograptus  vacillans,  Tullb.,  Lapw.,  Brogger. 
TetragraptuS'Zone,  Sk&ne ;  PA^^/o^rap^ua-shales,  Norway. 

3L  Didymograptus^  sp.  (Hisivgeri,  Baily).  Lower  Bala,  Ireland. 
One  of  the  latest  species  of  Didymograptus, 

Genus  II.  Janogbaptus,  Tullberg  (Geol.  For.  Forh.  vol.  v.  p.  314). 

From  the  usually  indistinct  sicula  two  branches  issue  in  opposite 
directions,  or  the  whole  hydrosoma  is  formed  only  of  one  branch. 
The  sicula  is  probably  pressed  into  one  branch.  The  angle  of  diver- 
gence is  very  various.     HydrothecsB  as  in  Didymograptus. 

The  genus,  which  is  somewhat  problematical,  is  one  of  the  latest 
of  the  DichograptidsB.  Its  structure  shows  a  remarkable  agreement 
with  that  of  an  irregularly  developed  Monograptid  (Jtf.  lohiferus, 
M'Goy),  in  which  a  second  branch  may  sometimes  be  produced. 

1.  Janograptus  laxatuSy  Tullberg. 

Oymnograptus  Linnarssoni-zone,  Sk&ne.  A  Janograptus  is  also 
mentioned  in  other  Glossograptus-zones. 


Other  forms  may  be  regarded  as  proceeding  from  a  Didymograptus, 
The  two  branches  may  divide  dichotomously,  producing  a  four- 
branched  form  {Tetragraptus) ;  or  branchlets  may  issue  from  the  two 
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branches  (Trichograptus,  eto.).    The  following  genera  oome  under 
the  latter  category  : — 

Genus  III.  Tbiohoobaptus,  Nicholson. 
Hydrosoma  bilaterally  subsymmetrically  developed.     Two  prin- 
dpal  branches  on  the  celluliferous  side,  with  a  series  of  branchlets 
which  remain  undivided.    Hydrothecao  of  the  type  oi  MonograptuB 
Nilssonif  Barr. 

1.  TrichograptuB  fragilis,  Nich.,  Lapw. 
Upper  part  of  Skiddaw  Slates,  N.  England. 

2.  Trichograptus  relroftexus  (Brogger). 

Bryograptut  retroflexMf  Brogg. 
Upper  part  of  Diciyograptus'^hdXQS^  Norway. 

Genus  IV.  Bbyoobaptus,  Lapworth. 
Hydrosoma  bilaterally  subsymmetrical,  consisting  of  two  com- 
posite branches,  diverging  at  a  small  angle  frarn  a  distinct  sicula. 
From  the  two  principal  branches  composite  branchlets  issue  at  small 
but  irregular  intervals. 

1.  Bryograptus  Kjervifi^  Lapw.,  Brogger. 

Graptoliihut  tenuity  Kjerulf. 
DidyograptuB'^dX^B^  Norway. 

2.  Bryograptus  Callavei,  Lapw.     Upper  Cambrian,  Shropshire. 

3.  Bryograptus  ramosus,  Brogger. 

Lower  part  of  the  Ceratopyge-BhsXes^  Norway.  A  very  similar 
species  in  abundance  in  shales  below  the  FhyUograptuS'^dXQ^  at 
Christiania. 

Genus  V.    Pteboobaptus,  Holm  (Ofv.   Kongl.  Vet  Akad.  Forh. 

1881,  p.  74). 
The  hydrosoma  issues  from  the  wide  end  of  the  sicula.  On  the 
two  primary  branches  simple  secondary  branches  arise  from  a  number 
of  the  hydrothecsB  towards  the  apex,  and  these  are  bent  alternately 
to  right  and  left  of  a  plane  passing  through  the  primary  branch,  and 
turn  their  cell-bearing  side  towards  this  plane. 


Fig.  64. 


Fig.  6a. 


Fig.  6. 


Fig.  4. 


J^ll^ 


Fio.  4.  Pterograptus  dilaeeratus,  sp.  nov. 

PhyUograptus-shales,  Galgenbere,  Christiania. 
„     6.   Tetragraptua  approximatus,  Nicfi. 

Phyllograptus-shales,  Fure,  Ringerike,  Norway.  .    x.-     ^  \ 

„  6tf.  Diehograptut  Sedgwiekii,  Salter  (fonnation  and  locality  aa  m  Fig.  4.) 
„  6&.  Part  of  a  branch  of  Fig.  6a,  enlarged  twice  nat.  aize  to  show  the  form  of  the 
bjdrotheca. 

OBCADS  in — ^VOL.  m.— NO.  I.  * 
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1.  PterograptuB  elegan$,  Holm,  TuUberg. 

Oraptolithtu  MurehMonii,  Boeck  ;  O.  gracilis,  Ejerulf. 
Primary  branchea  diverging  in  curves  at  an  angle  of  60°-60°. 
Didymograptua  Murchiaoni-zone  (Et.  4),  Norway ;   zone  with  2). 
Murchisoni  *  geminus,  Sk&ne. 

2.  Pterogaptus  aeutus  (Hopk.)}  Holm. 

PtilograptuB  aeutus,  Hopk. 
Primary  branches  diverging  at  an  angle  of  30°-40°. 
Lower  Llandeilo,  Wales. 

3.  PierograptuB  {?)  dilaeeratus,  sp.n.     (Woodcut,  p.  17,  Fig.  4.) 
HydrothecsB  as  in  P,  elegans,  Holm.     Secondary  branches  narrow 

and  thin,  never  so  rigid  as  in  that  species.  Angle  of  divergence  of 
the  two  primary  branches  probably  about  180^.  The  hydrosoma 
is  always  fragmentary  (sicula  not  seen  attached).  Not  unfrequently 
a  primary  branch  is  met  with,  from  the  hydrothecae  of  which  closely 
approximated  branchlets  project.  It  is  sometimes  rolled  up  circularly, 
often  only  gently  curved,  or  bent  and  broken  into  a  zigzagged  form. 

Qenus  VI.  Pleueogbaptus,  Nicholson. 

Secondary  branches  proceed  from  both  sides  of  the  primary  branches, 
and  themselves  again  give  off  branches ;  primary  branches  diverging 
at  an  angle  of  about  180°. 

Referred  by  Lapworth  to  the  Nemagraptidss.^ 

1.  Pleurograpius  vagana,  Nich. 

Skiddaw  Slates,  N.  England  ;  Phyllograptus-sh&leB,  Norway. 

2.  Pleurograptm  linearis  (Carr.),  Nich.,  Lapw. 

Cladograpstu  linearis^  Garruthers. 
Upper  Llandeilo,  England  ;  Hartfell  Shales,  Scotland. 

3.  Pleurograpius  radialus,  Lapw.     Hartfell  Shales,  Scotland. 
The  four-branched  forms  resulting  from  the  dichotomous  division 

of  a  Didymograpius  constitute 

Genus  VII.  Tbtbagraptus,  Salter. 

Hydrosoma  bilaterally  symmetrically  developed,  consisting  of  four 
simple  equivalent  branches.  A  central  disc  may  or  may  not  be 
present. 

The  four-branched  forms  may  be  brought  into  two  natural  groups : 

a.  The  two  short  branches  issuing  from  the  broad  end  of  the 
sicula  diverge  at  an  angle  of  about  180°,  e,g,  T.  quadrihrachiatuB 
(Hall).  Thus  is  formed  a  funiculus  uniting  the  two  halves  of  the 
hydrosoma,  but  this  may  be  reduced  until  it  nearly  disappears  {e,g. 
T.  Hickaii,  Hopk.,  and  T.  Halli,  Hopk.). 

p.  The  two  branches  which  originate  from  the  sicula  diverge  at 
an  angle  of  ^180°  {T.  frudicoaua  (Hall)). 

Group  a. 

1.  Tetragraptus  quadribraehiatus  (Hall),  Nich.,  Ether.,  Hopk. 
and  Lapw.,  Linnars.,  Tornq.,  Brogg.,  Hemn.,  Tullb. 

Oraptolithus  quadribrachiatus^  Hall,  M'Coy. 
Tetragraptus  orueialis,  Salt. 

*  Phyllograptus'^vXw,  Norway. 

*  See  Notes  on  British  Graptolithes,  by  C.  Lapworth,  F.G.S.,  Geol.  Mao.  1873, 
Vol.  X.  p.  668,  and  Table  I. 
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Qaebeo  Groap,  Canada;  Skiddaw  Slates,  N.  England;  Arenig, 
Aiutndia ;  Middle  Arenig,  Wales ;  PhyUograpiu8't^lBXeB,  Norway, 
Balecarlia;  Telragra^tus-zonQ,  Sk&ne. 

2.  Tetragraptus  Halli,  Hopk.  and  Lapw. 
Middle  Arenig,  Wales. 

3.  Tetragraptus  Hieksiiy  Hopk.  and  Lapw. 
Middle  Arenig,  Wales. 

4.  Tetragraptus  serra  (Brongn.),  (Qein.),  Hopk.  and  Lapw.,  Tornq. 

FtteoideM  terra,  Brongn. 
Cladograptm  serra,  6ein. 
Graptolithw  hryonoides^  Hall. 
Tetragraptus  hry<moidea.  Salt.,  Nioh. 
Didymegrapttte  bryonides,  Carr.,  M*Coy. 

Arenig  and  equivalents  in  Wales,  N.  England,  Canada,  Norway, 
Sk&ne,  Westgothland,  and  Dalecarlia ;  Newfoundland. 

5.  Tetragraptus  denticutatw  (Hall),  Lapw. 
Quebec  Oroup,  Canada;  Silurian,  Victoria  ? 

6.  Tetragraptus  eruci/er  (Hall),  Nich.,  and  Lapw. 
With  a  central  disc. 

Quebec  Group,  Canada ;  Skiddaw  Slates,  N.  England. 

7.  Tetragraptus  aJatus  (Hall),  Lapw. 
With  a  central  disc. 

Quebec  Group,  Canada. 

8.  Tetragraptus  Headi  (Hall),  Nich.,  Lapw. 
With  a  central  disc. 

Quebec  Group,  Canada ;  Newfoundland ;  Lower  part  of  Skiddaw 
Slates,  N.  England. 

9.  Tetragraptus  caduceus  (Salt.). 

Didymograptua  eaduceusy  Salt.,  Nich.,  M'Coj. 
Fhyliograptue  similis,  Hall. 
Qraptolitkue  Bigtbyi,  Hall. 
Tetragraptue  ^^«ihyi,  Linnan.,Lapw. 

Skiddaw  Slates,  N.  England;  Quebec  Group,  Canada;  P^^Z/o^rap^iM- 
shales,  Norway,  Sk^ne ;  Australia  (Ether.,  Ann.  Mag.  N.  H.  ser.  4, 
▼ol.  xiv.  pi.  iii.  figs.  3,  4). 

10.  Tetragraptus  approximatus,  Nich.,  Lapw.  (Woodcut,  p.  17, 
Pig.  5.) 

Quebec  Group,  Canada;  PhyUograptus-shaleB,  Norway.  Norwegian 
specimens  differ  in  not  having  the  branches  so  close  together  as  in 
Nicholson's  figure;  the  curvature  on  both  sides  of  the  branches  is 
sharper,  and  the  branches  do  not  so  soon  become  parallel,  and  do  not 
continue  so  exactly  parallel  as  Nicholson  indicates.  One  specimen 
from  near  Fure,  in  Bingerike,  showed  traces  of  a  central  disc. 

Group  p. 

11.  Tetragraptus  fructtcosus  (Hall),  Lapw.,  Brogg.,  Herrm.,  Tullb. 

GraptoHthue  frueiieoaue.  Hall. 
Didymograptua  fructieoeuif  Ether.,  M'Coy. 

Quebec  Group,  Canada ;  Llandeilo  Flags,  Australia ;  Phyllograptus* 
shales,  Norway ;  Tetragraptus-zone,  Sk&ne ;  Arenig,  Australia 
(aooording  to  Lap  worth). 
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From  Tetragraptus  two  different  groups  of  forms  may  be  derived. 
The  four  branches  may  divide  dichotomously,  producing  hydrosomata 
with  eight  or  more  branches  {Diehograptua,  Salt) ;  or  secondary 
branches  may  shoot  forth  from  the  four  primary  branches  upon  one 
or  both  sides.    The  latter  is  the  case  in  the  following  five  genera. 

Genus  YIII.  Sohizoobaptus,  Nicholson. 

Hydrosoma  bilaterally  subsymmetrical,  composed  of  four  primary 
branches,  which  issue  in  the  form  of  a  cross  from  the  starting-point. 
Each  of  these  branches  developes  a  series  of  rigid  brancblets  which 
originate  on  each  primary  branch  from  the  same  side,  and  apparently 
do  not  again  divide.  Hydrothecsd  as  in  Manograpius  $agittariu$,  His. 
No  central  disa 

1.  Schtzograptua  retieulattu,  Nich.,  Lapw. 
Lickograpiui  retteuUtui,  Nich. 

Lower  part  of  Skiddaw  Slates,  N.  England. 

Qenus  IX.  Troohogbaptus,  Holm  (6fv.  EongL  Vet  Akad.  Forh. 

1881). 

Constructed  exactly  like  the  preceding  genus,  except  that  the 
secondary  branches  give  off  branchlets  always  upon  the  same  side. 

1.  Trochograptu$  diffuBUS^  Holm,  Brogger. 

PhyllograptuS'BheleB  (Et.  S,  6),  Norway. 

Genus  X.  Gtenoobaptus,  Nidiolson. 

This  genus,    provisionally  established   by  Nicholson,  probably 
belongs  to  this  group.    The  fragment  figured  by  Nicholson  resembles 
a  portion  of  Trochograptus  diffusus,  figured  by  Holm,  except  that  the 
hydrothecad  appear  to  be  essentially  different 
1.  Ctenograpius  annulatus,  Nich. 
Diehograptut  f  annulatua^  Nich. 
Lower  part  of  Skiddaw  Slates,  N.  England. 
Genus  XL  Provisional. 

1.  GraptoUthus  BichardBoni,  Hall,  from  the  Quebec  Group.  The 
mode  of  division  of  the  branches  as  shown  by  the  fragment  figured 
resembles  that  of  Ctenograptus.  But  the  commencement  of  the 
hydrosoma  is  unknown,  and  we  have  no  knowledge  of  the  number 
of  primary  branches. 

Genus  XII.  Holoobaptus,  Holm  (loe,  ciL), 

Hydrosoma  bilaterally  subsymmetrical.  From  the  four  primary 
branches  branchlets  are  given  off  on  both  sides  at  irregular  intervals. 
Hydrothecsd  as  in  Didymograptus, 

1.  Holograptu8  expansuSy  Holm. 

Phyllograptm-BheAeSy  West  Gothland. 

Genus  XIIL  Goniograptus,  M*Coy  (Prodr.  Pal.  Vict  dec.  v.) 

1.  Goniograptus  Thnreauif  M*Coy,  Lapw. 
Arenig,  Australia. 

These  smaller  genera  scarcely  contain  more  than  a  single  species 
each,  and  probably  in  their  case  the  establishment  of  genera  has  been 
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Crtiried  too  far.  This  opinion  also  seems  to  be  held  by  TuUberg 
(Skene's  Graptoliter  ii.).  It  would  be  better  to  regard  them  as  sub- 
genera  of  the  two  great  genera  Didymograptus  and  Tetragraptw, 


All  the  many-branohed  Dichograptidsd  may  be  oonceived  as  origi- 
nating from  a  Tetragraptua  by  repeated  furcation.  A  division, 
repeated  in  all  branches,  produces  eight-branched  forms ;  further 
complete  furcations  give  IG-branched  forms  and  so  on.  Hitherto 
the  8-branched  forms  constituted  the  genus  Dichograptus,  Salt,  and 
those  with  16-82  branches  the  genus  Loganograptus,  Hedl.  But  in 
considering  the  various  forms  with  8  and  more  branches,  we  are  at 
onoe  struck  with  an  important  contrast  to  those  with  2  and  4  branches. 
The  latter,  when  perfectly  preserved,  invariably  possess  only  2  and 
4  branches ;  but  in  the  many-branched  forms  a  remarkable  variation 
occurs  in  the  number  of  branches ;  more  and  more  frequently  the 
full  number  is  either  not  developed  or  exceeded,  imperfectly  or 
abnormally  developed  individuals  become  more  and  more  numerous, 
80  that  the  number  of  branches  becomes  of  less  and  less  value  as  a 
distinctive  character.  Thus  in  the  multiramose  species  of  the  genus 
Clanogrnptus,  Hall,  the  number  of  branches  oscillates  between  40 
and  60  for  the  same  species.  The  number  of  branches  becomes  finally 
so  complicated  as  to  be  quite  unimportant  {e.g,  Clematograpttu  mtd' 
tifasdatus,  Hall).  Thus  the  genus  LoganograptuBy  Hall,  with  16-32 
branches  appecors  to  be  quite  arbitrary  and  artificial,  and  must  be 
suppressed,  unless  we  are  prepared  to  establish  a  genus  for  every 
many-branched  species.  It  has  been  proposed  to  refer  all  species 
with  more  than  four  branches  to  DichograpttM,  Salt,  which  has 
hitherto  included  only  8-branched  forms.  But  upon  this  the  author 
would  put  a  limitation,  as  there  is  in  the  many-branched  forms  a 
striking  difference.  "Thus  either  all  the  points  of  furcation  are 
situated  in  the  immediate  vicinity  of  the  sicula  {e.g.  Dichograptus 
Kjervlfi,  Herrm.,  Fig.  8),  while  the  more  distant  parts  of  the  branches 
remain  undivided ;  or  there  are  greater  distances  between  the  indi- 
Tidnal  points  of  furcation,  so  that  the  branches  may  divide  through- 
out tlieir  whole  length,  and  the  points  of  furcation  may  depart  far 
from  the  centre  of  the  hydrosoma  (e,g.  Fig.  9)."  For  the  latter 
forms  Hall  has  proposed  the  name  of  Clonograptus,  which  may 
stand,  and  thus  we  get  two  homologous  series  forming  the  genera 
BichograptuB,  Salt,  and  Clonograpiua,  Hall,  each  including  forms 
with  8,  12,  16,  and  more  branches. 

Genus  XIY.  Diohooraptus,  Salt,  (modified). 
Hydrosoma  bilaterally  symmetrical.  From  the  broad  end  of  the 
sicula,  which  is  directed  upwards,  issue  two  short  oppositely  diverging 
branches,  which  fork.  Of  the  four  branches  thus  produced,  all  or  a 
part  may  again  divide  dichotomously  once  or  several  times  at  very 
$hort  distances,  so  that  more  than  four  equivalent,  simple  branches 
are  produced.  The  proximal  parts  of  the  hydrosoma  are  frequently 
enclosed  in  a  central  disc.     Hydrothecsd  as  in  Didymograptus,  M'Goy. 
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1.  DichograpiuB  oetohraehiaius    (Hall),   Nioh.,    (M*Ooy),   Lapw., 
Brogg.    (Fig.  7.) 


Fio.  7.  IHchograptut  oetobraehiatus,  Hall,  from  the  Phyllograptos-shalea, 
Galgenbeig,  Christiania  (natural  size). 

Oraptolithua  octobraehiatus,  Hall. 

OraptoliteM  (Didymoffraptm)  octobraehiatuiy  M*Coy. 

Loganograptut  Ejwu'Ji^  Herrm.  9X  parts. 

The  central  diso  may  or  may  not  be  present  In  the  typical  con* 
dition  the  species  has  eight  branches,  but  specimens  are  frequent 
with  more  or  fewer  branches. 

Qaebec  Group,  Canada ;  lower  part  of  Skiddaw  Slates,  N.  England ; 
PAyWo^raj)<iM-8hales,  Norway ;  Arenig,  Australia. 

2.  IHchagrapiua  octonaritts  (Hall),  Lapw. 
GraptoUthuM  octonoriut,  Hidl. 

Central  disc  unknown.     Quebec  Group,  Canada. 

8.  Dichograptus  Sedgwickii,  Salt.     (Figs.  6a,  66.) 

Figured  but  not  described  by  Salter  (Q.J.G.S.  vol.  xix.  p.  138). 

The  author  describes  the  species : — 

In  the  typical  condition  the  bydrosoma  consists  of  eight  simple, 
curved  branches,  which  are.  arranged  as  in  D.  octobrachiatua,  Hall. 
There  is  in  this  species  the  same  variation  in  the  number  of  branches 
as  in  D.  octobrachiatus,  which  is  its  nearest  ally,  the  di£ferences  be- 
tween them  consisting  in  the  curvature  of  the  branches,  and  the 
habit  of  the  hydrothecee.  Of  the  latter  there  are  eight  in  a  length 
of  ten  millim.  Their  lower  border  is  curved  and  forms  with  the 
axis  an  angle  of  10^ — 12°  at  the  proximal  end,  of  about  30°  at  the 
distal  end.  The  apertural  angle  is  about  90°,  and  the  hydrothecas, 
which  are  about  one-half  longer  than  broad,  are  half  free,  appearing 
as  pointed,  nearly  perpendicular  teeth  (Fig.  65).  No  central  disc  has 
been  observed  either  in  English  or  Norwegian  specimens. 

Skiddaw  Slate  (lower  part),  N.  England;  lower  part  of  Phyllo- 
^rop/tM-shales,  Norway. 

4.  JXchograptus  Kjendfi  (Herrm.)     (Woodcut,  p.  23,  Fig.  8). 
Loganograptu9  Kjerulfi,  Herrm.  9X  parte. 

In  1882  (Nyt  Mag.  for  Naturv.  xxvii.  pp.  341-362)  the  author 
described  and  figured,  under  the  name  of  Loganograptus  Kjerulfi,  a 
number  of  forms  which   subsequent   study  showed   him   must   be 
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separated.  The  eigbt-branched  forms,  with  some  abnormally  deve- 
loped examples,  are  referred  to  D.  octobrachiatus.  Hall.  The  forms 
famished  in  the  typical  state  with  twelve  branches  are  to  be  regarded 
as  a  distinct  species,  and  that  these  examples  cannot  be  referred 
either  to  D.  oetohraehiatu9  (Fig.  7)  or  to  Z>.  Logani,  Hall,  seems  to  the 
author  to  follow  from  the  facts  that  in  some  localities  only  eight-  and 
many-branched  forms  (Z>.  Logani,  Hall)  have  been  found  {e.g. 
Australia  and  Canada),  in  others  only  those  with  numerous  branches 
{e,g.  the  Australian  localities  examined  by  R  Etheridge,  jun.),  and 
in  other  localities  again  only  eight-branched  forms.  In  the  locality 
investigated  by  the  author  (Oalgenberg,  Christiania)  the  forms  with 
8  and  12  branches  occur  together,  and  he  considers  that  here  two 
different  species  are  associated.  Further,  the  twelve-branched  forms 
conslitute  a  bilaterally  symmetrical  species,  and  the  number  of 
normally  developed  examples  as  compared  with  abnormal  ones  seems 
to  indicate  their  distinctness. 


Fio.  8.  Liehograptui  ^'eruf/i,  Hemnaiin,  Phyllograpttu-sIialeB,  Galgenberg, 
Christiania  (natural  size). 

Description. — Hydrosoma  bilaterally  symmetrical,  consisting  of  12 
branches  when  typically  developed.  From  a  sicula,  which  usually 
persists  as  a  rounded  knob,  issue  2  short  branches,  which  bifurcate 
first  into  4  and  then  into  8  branches.  Of  these  8  branches,  4  again 
divide,  and  these  four  are  almost  always  those  situated  furthest  from 
the  plane  of  symmetry,  i.e.  the  inner  branches  of  each  half  of  the 
hydrosoma  of  an  octobrachiate  form  (Fig.  7t).  The  branches  are 
slender,  thinnest  in  the  neighbourhood  of  the  sicula.  The  full 
number  of  branches  is  frequently  not  attained,  and  rarely  exceeded. 
The  central  part  of  the  hydrosoma  is  almost  always  enclosed  in  a 
chitinous  disc.  The  hvdrothecaa  are  rarely  to  be  seen  within  the 
disc  There  are  9  of  them  in  a  length  of  10  millim.  At  the  proxi- 
mal end  they  form  with  the  axis  an  angle  of  13° — 16°,  at  the  distal 
end  one  of  about  35°.  They  are  three  times  as  long  as  broad,  and 
about  one-third  free.  The  lower  border  is  curved.  Aperture-angle 
66°. 
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It  has  been  thought  that  the  forms  described  by  the  author  Qoc 
ciL),  constituting  a  continuous  series  of  examples  with  from  5  to  14 
branches,  were  to  be  regarded  as  individuals  of  di£ferent  ages,  the 
highest  number  of  branches  indicating  the  greatest  age.  The  author 
regards  this  view  as  untenable.  No  dififerenoe  is  to  be  detected  in 
the  thickness  and  length  of  all  the  branches,  such  as  would  occur  if 
any  of  them  were  formed  subsequently  to  the  rest,  whereas  it  might 
be  expected  that  the  supposed  younger  branches  would  be  observable 
when  they  had  just  sprouted,  and  before  they  reached  the  margin  of 
the  disc.  It  is  also  difficult  to  imagine  how  any  such  subsequent 
increase  could  be  brought  about,  as  the  branches  originate  by  bifurca- 
tion, which  usually  occurs  only  at  the  top  of  a  branch.  But  the 
notion  is  disposed  of  by  the  fact  that  young  individuals  occur  with 
8,  9,  and  12  branches,  just  as  in  full-grown  examples. 

iJichograptus  Kjerulfi  is  found  in  the  lower  part  of  the  Phyllograptus- 
shale  (Ejerulfs  Lower  Graptolite-shales,  6rogger*s  Etage  36),  and 
occurs  in  great  abundance  in  a  thin  bed  in  the  Galgenberg,  near 
Christian ia,  associated  with  Z>.  oetobrachiatus  (Hall),  IHdymograptua 
constrictus  (Hall),  eta 

5.  Dichograptm  Logani  (Hall),  Nich. 

Orapiolithut  {Loganograptu*)  Logani^  Hall. 
Cfraptolitet  {^Didymograptut)  Loganiy  M'Coj. 
Loganograptu*  Logani^  Lapw. 

Quebec  Group,  Canada ;  Skiddaw  Slates  (lower  part),  N.  England ; 
Australia.  D,  Logani^  Etheridge,  Ann.  Mag.  N.  H.  ser.  4,  vol.  xiv. 
pi.  iii.  fig.  12,  is  doubtful. 

6  6.  jbichograpius  Logani  (Hall.),  var.  australta  (M*Coy). 
Qrapt,  {Didymogr.)  Logani^  yar.  amlraliay  M'Coy. 

Arenig,  Australia* 

From  Dichograptua  new*  forms  may  proceed  by  the  development 
of  branchlets  upon  the  primary  branches.     These  form — 

Genus  XV.  Clbmatooraptus,  Hopkinson. 
Hydrosoma  much  ramified,  bilaterally  subsymmetrical.  From  a 
short  funiculus  issue  a  great  number  of  primary  branches,  from 
which  numerous  branchlets  spring  on  one  or  both  sides,  at  irregular 
distances,  often  closely  packed  together.  Hydrotheced  as  in  Dicho' 
grapttis.    No  central  disc. 

1.  Clematograptus  implicatvs,  Hopk.,  Lapw. 

Loganograptui?  impliealM,  Hopk. 
Middle  Arenig,  Wales. 

2.  Clemaiograptus  multifasciaiue  (Hall),  Hopk.  and  Lapw. 

Graptolithui  muU%fa»e%atu9,  Hall. 
Hudson  River  Group,  New  York. 

B.  (L.)  Logani,  Etheridge  (Ann.  Mag.  N.  H.  ser.  4,  vol.  xiv.  pi.  iii. 
fig.  11),  from  Australia,  probably  belongs  to  this  genus. 

Genus  XVI.  Clonogbaptus,  Hall. 

Hydrosoma  bilaterally  subsymmetrical,  consisting  of  more  than 
four  simple  branches  produced  by  dichotomous  division.   The  spaces 
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between  the  furoation-points  are  larger  than  in  Diehograptus.    Cen- 
tral diso  never  present 

There  is  some  uncertainty  about  the  species  of  this  genus.  Hall 
discovered  in  a  loose  block  in  America  a  form  with  16  branches,  which 
certainly  belongs  to  this  genus  (CI.  Milesi,  Hall) ;  this  is  figured,  but 
not  described,  by  Hall.  Nicholson  found  in  the  Skiddaw  Slates  two 
specimens  of  a  form  which  must  also  be  referred  to  this  position. 
They  possess  a  great  number  of  branches  (C,  multiplex^  Nich.).  In 
the  Norwegian  Phyllograptus-shAle  the  author  has  found  a  consider- 
able number  of  specimens  agreeing  in  character  with  the  above,  and 
especially  with  Nicholson's  species,  six  of  which  have  8,  and  four 
16  branches,  while  many  others  vary  between  8  and  16  branches 


Pig.  9. 


Tig.  9.     Clmograptut  multiplex,  Nicholson,  Skiddaw  slates,  Peel-Wyke,  Bassen- 
thwaite,  Cumberland. 

(Pig.  9).  These  were  formerly  identified  by  the  author  with  C, 
ilUesi  (Hall),  but  he  now  regards  this  identification  as  doubtful. 
Nicholson's  genus  Temnograptus  is  not  sufficiently  distinct  from 
Clonograpius. 

1.  Clonograpttts  Milesi,  Hall. 

Graptofithus  Mi/etif  Hall. 
Temnograptui  MiUtiy  Nich. 

2.  Clonograptua  multiplex  (Nich.).     (Fig.  9.) 

Diehograptut  multipleXf  Nich. 
Temnngraptut  multiplex,  Nich.,  Lapw. 
Skiddaw  Slates,  N.  England. 

3.  Clonograptus  fiezilis  (Hall),  Nich.,  Lapw. 

Graptolithus  JUxilit,  HalL 
Quebec  Group,  Canada. 

4.  Clonograptus  rigidua  (Hall),  Nich.,  Lapw. 

Oraptolithu9  rigiduty  Hall. 
Graptolithui  abnormisy  Hall. 

Quebec  Group,  Canada ;  Phyllograptm-BhsXef  Norway. 
6.  Clonograptus  ramulus  (Hall),  Lapw. 

QrapiolUhut  ramulusy  Hall,  Toraq. 
Quebec  Group,  Canada;  Fhyllograptus-ehale,  Dalecarlia. 
Graptolithus  Btehardsoniy  Hall,  does  not  belong  to  this  genus. 
6.  Clonograptus  tenellus  (Linnars.) 

Diehograptus  ?  tensUus,  Linnan.,  Lapw. 

TriehograptH*  tenellusy  Nich. 

O/entca-shale,  West  Gothland. 
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The  most  ancient  of  known  Graptolites,  described  by  Linnarsson 
in  1871,  as  Dichograptus  f  tenellus,  Tullber^  regards  it  as  a 
JBryograptuB ;  Nicholson  refers  it  to  his  genus  TrichograptuB.  The 
discoverer  of  the  species  noticed  that  its  ramification  agreed  with 
that  of  Clonograpius  fiezilis ;  and  until  more  perfect  specimens  are 
obtained,  it  may  take  its  place  here. 

VI. — Ak  inquiry  into  the  Rate  of  Ebosion  of  the  Ska-ooasts 
OF  England  and  Wales,  and  the  Influence  of  the  Artificial 
Abstraction  of  Shinole  or  other  Material  in  that  Action. 

By  C.  K  Db  Rance,  F.G.S.,  and  W.  Topley,  F.G.S.,  Secretariea.^ 

The  Committee  has  during  the  past  year  received  several  Returns 
relating  to  the  south  and  east  coasts  of  England.  Most  of  those 
relating  to  the  coast  south  of  the  Thames  are  printed. 

The  thanks  of  the  Committee  are  especially  due  to  Major-Qeneral 
Sir  A.  Clarke,  who  has  instructed  the  Officers  of  the  Royal  Engineers 
stationed  around  the  coast  to  supply  the  Committee  with  such  infor- 
mation as  they  may  possess  or  be  able  to  obtain.  Further  returns 
are  expected  from  the  same  department  and  from  other  official 
sources ;  the  Committee  therefore  think  it  best  to  defer  any  general 
report  until  more  complete  information  is  obtained. 

The  Memorandum  drawn  up  by  Mr.  J.  B.  Redman  so  fully  sets 
forth  the  work  of  the  Committee,  and  the  importance  of  the  inquiry 
referred  to  it,  that  this  is  now  printed. 

The  Memorandum  by  Mr.  G.  Dowker  on  East  Kent  gives  a 
sufficiently  complete  account  of  the  changes  of  the  coast  in  this 
district ;  changes  which  are  of  especial  historical  importance  and 
interest 

Mr.  Whitaker  has  drawn  up  a  list  of  works  relating  to  the  coast- 
changes  of  England  and  Wales,  which  will  be  of  great  service  to 
the  Committee  and  to  those  who  may  assist  in  the  work. 

The  Committee  would  again  ask  for  the  assistance  of  any  who  by 
long  residence  or  other  means  have  special  knowledge  of  changes  on 
any  part  of  the  English  and  Welsh  coast.  Printed  forms  of  ques- 
tions can  be  obtained  from  any  member  of  the  Committee. 

Extracts  from  the  Memorandum  bt  Mr.  J.  B.  Redman,  M.InstC.E. 

That  the  erosion  of  our  south-eastern  coasts  by  the  action  of  wind 
and  waves  has  been  assisted  and  increased  by  artificial  agency,  by 
removal  of  material  and  by  the  treatment  of  works  of  defence  in  a 
selfish  spirit,  unaccompanied  by  concerted  action,  resulting  in  injury 
to  adjoining  frontages  for  the  benefit  of  those  operated  on,  can  be 
copiously  illustrated  by  the  records  of  our  public  departments,  such 
as  the  Admiralty,  Woods  and  Forests  or  Works,  the  Board  of  Trade, 
the  War  Office,  and  the  Trinity  Corporation,  as  well  as  by  those  of 
nearly  every  harbour  board,  river  conservancy,  or  local  drainage  and 
sewage  authority.     And  this  fact  is  portrayed  in  a  special  literature 

^  Bein^  the  substance  of  a  Eeport  laid  before  the  BritiBb  Association  at  Aberdeen, 
and  read  in  Section  C.  Geology,  1885. 


Digitized  byVjOOQlC 


MM,  De  Ranee  and  Topley — Rate  of  Erosion  of  Sea- Coasts.      27 

of  its  own,  the  Blue  Books  of  the  House  of  Commons,  for  the 
various  tidal  harbours'  reports,  inaugurated  by  the  persistent  agitation 
of  the  late  Joseph  Hume,  M.P.,  as  well  as  those  on  harbours  of 
refuge,  lighthouses,  and  shipping,  give  incidentally  numerous  isolated 
oases  showing  how  much  this  really  imperial  question  has  been  over- 
looked  or  confused  by  a  division  of  authority,  and  the  struggles  with 
lords  of  the  manor,  illustrated  by  a  number  of  well-known  cases, 
adds  additional  exemplification. 

The  l^al  aspect  of  this  question  has  been  recently  ably  treated  on 
by  a  republication  of  "  Hall's  Essay  on  the  Rights  of  the  Crown  in 
the  Sea-shore,"  by  Bichard  Loveland  Loveland,  of  the  Inner  Temple, 
in  1875,  and  this  work  shows  well  the  imperial  character  of  the 
inquiry  deputed  to  the  British  Association  Committee  on  the  Erosion 
of  the  Sea  Coasts  of  England  and  Wales. 

As  regards  the  wholesale  removal  of  shingle  and  boulders  from 
marine  spits  and  moles,  it  is  only  necessary  to  refer  to  such  cases  as 
the  quarrying  of  cement  stones  from  the  foreshores  on  either  side  of 
Harwich,  from  the  Beacon  cliff  to  the  southward,  and  from  the 
Felixstow  cliffs  to  the  northward,  only  stopped  by  the  persistent 
efforts  made  by  Captain  Hewett*s  successor  in  the  North  Sea  Survey, 
the  late  Admiral  Washington,  and  others.  For  illustration  of  this 
pernicious  practice  and  the  deplorable  results  frequently  entailed  this 
case  suffices.  Again,  on  the  northern  side,  the  indiscriminate 
removal  of  shingle  from  the  northern  breakwater  of  Harwich  har- 
bour (Landguard  Point)  for  ballastage  by  the  lord  of  the  manor  has 
been  the  fruitful  source  of  litigation.  Similar  results  from  similar 
practices  at  Spurn  Point,  at  the  mouth  of  the  Humber,  have  been 
entailed.  In  effect,  this  natural  shingle  mole,  defending  the  entrance 
to  the  most  important  harbour  on  our  eastern  coast,  was  nearly 
breached  in  consequence. 

Next  to  the  removal  for  ballastage,  the  most  fertile  cause  is 
removal  of  material  for  road-making  and  for  building  purposes,  and 
when  in  the  neighbourhood  of  a  large  town  this  becomes,  from  the 
enormous  quantity  removed  in  the  aggregate,  sufficient  to  tell  eventu- 
ally on  the  oscillating  natural  foreshore  protection.  Take  the  case 
of  Hastings :  for  the  last  half-century  there  has  been  a  constant  draw 
on  the  material  for  such  purposes.  The  quantity  used  must  be 
enormous,  and  in  effect  the  new  portion  of  the  town  may  almost, 
without  figure  of  speech,  be  described  as  in  a  large  measure  built  out 
of  the  sea.  About  1836  Hastings  was  separated  from  St  Leonards 
by  a  small  marshy  bottom,  with  a  rill  of  water  running  through  it, 
called  the  "  Priory  Marsh,"  and  during  that  year  the  sea  was  excluded 
by  the  erection  of  a  vertical  stone  wall  joining  the  esplanade  terraces, 
and  the  two  towns  became  what  it  is  now,  one  big  town.  Since  that 
wall  was  erected  the  shingle  in  front  of  it  has,  from  various  causes, 
become  much  attenuated,  the  groynes  destroyed,  and  the  sea  has,  it 
is  said,  in  places  got  under  the  sea  Walls.  So  great  has  been  the  loss 
in  the  bay  to  the  eastward,  where  is  situate  the  old  portion  of  the 
town,  the  fishermen's  quarter,  that  a  general  exodus  of  that  industry 
to  Kye,  or  elsewhere,  has  been  threatened. 
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A  second  groyne  ia  being  oonstructed  from  the  base  of  the  cliff 
below  the  castle  (where  a  similar  work  formerly  existed)  at  a  very 
great  cost,  in  order  to  promote  accumulation  of  shingle  along  the 
Hastings  frontage,  and  to  bring  about  again  the  old  state  of  things. 

The  argument  made  use  of  by  many  owners  of  property  here,  as 
elsewhere,  to  the  effect  that  removal  of  shingle  for  building  purposes 
must  be  inappreciable  (as  however  great  the  abstraction  for  such 
purposes,  millions  of  tons  renew  the  shore  after  a  change  of  wind) 
is  made  in  evident  forgetfulness  or  ignorance  of  the  fact  that  these 
abstractions  from  and  renewals  to  the  natural  ''fulls'*  of  beach, 
alternately  reduce  and  increase  what  is  a  circulating  medium  of 
defence,  moving  in  opposite  directions  up  and  down  channel,  with  a 
preponderating  movement  up-channel  due  to  prevalence  of  south* 
west  winds,  and  that  such  a  constant  drain  on  a  natural  defence, 
however  recuperative,  must  tell  in  the  long  run. 

The  removal  of  boulders  from  the  foreshore  seaward  of  the  summit 
shingle  neap  and  spring  *' fulls,''  either  for  road-making  or  for 
manufacturing  purposes,  not  only  loosens  the  foreshore,  and  renders 
it,  thus  disintegrated,  less  able  to  resist  the  stroke  of  the  wave,  but 
in  many  cases,  such  as  the  *'  Chenies  "  rock  off  Sheemess,  and  the 
"  Septaria  "  blocks  off  Harwich,  the  material  formed  natural  groynes 
and  breakwaters,  and  their  removal,  in  referenoe  to  shore  conservancy, 
was  most  suicidal. 

Another  fertile  source  of  accelerated  erosion  of  a  special  locality 
is  the  erection  of  a  close  pier  for  a  harbour  entrance,  and  of  large 
and  lofty  groynes  for  accumulating  shingle,  looking  only  to  the  pro- 
tection of  an  isolated  frontage,  and  without  reference  to  the  attendant 
abstraction  of  material  to  the  leeward  of  such  works,  from  the 
absolute  stoppage  of  the  material  on  its  way  to  the  less  favoured 
locality.  The  case  is  parallel  to  the  last,  as  the  oscillating  medium  is 
laid  under  heavier  contribution  for  a  favoured  locality,  and  is 
gradually  starved  for  the  neglected  neighbour  to  leeward. 

Folkestone  may  be  cited  as  a  principal  delinquent  of  this  class,  due 
to  the  elongation  of  the  close  pier  to  the  windward  or  westward  of 
its  harbour,  which  half  a  century  back  was  a  trap  for  shingle,  and  a 
fisherman's  first  task  in  the  early  morning,  prior  to  that,  was  to 
excavate  a  channel  through  the  newly-arrived  shingle  to  get  his  boat 
through  and  out  to  sea.  The  resultant  accumulation  of  shingle  to 
windward  forms  the  tongue  of  land  on  which  stands  the  "  Pavilion," 
etc. 

Now,  in  '*  East  Wear  "  Bay  there  is  an  almost  entire  absence  of 
shingle,  and  the  resultant  falls  of  the  chalk  undercliff  take  place  at 
so  alarming  a  rate  that  the  very  existence  of  the  South-Eastern  Rail- 
way is  jeopardized.  That  this  action  is  not  due  to  the  Admiralty  Pier 
at  Dover  is  shown  by  the  entire  absence  of  shingle  to  windward  of 
that  work,  but  in  its  place  a  remarkable  extension  of  the  silty  fore- 
shore has  taken  place,  gradually  diminishing  towards  Folkestone. 
Eastward  of  Dover  we  have  similar  results  from  the  same  cause ; 
from  the  Castle  Jetty  to  St  Margaret's  the  base  of  the  lofty  chalk 
cliff  is  now  washed  and  abraded  by  the  waves,  and  the  lower  ddhris 
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and  shingle,  forming  an  underoliff  carriage- way  into  Dover  some 
thirty  years  back,  has  now  entirely  disappeared. 

We  may  be  asked  to  suggest  a  remedy,  but  this,  perhaps,  is  beyond 
the  province  of  this  Memorandum ;  but  as  regards  the  old  stereo- 
typed plan  of  building  a  solid  pier  out  from  the  shore,  for  communi- 
cation therewith  from  vessels,  or  for  protection  of  the  outfall  of  a 
tidal  river,  it  has  been  suggested  that  there  are  numerous  cases, 
where  a  moving  beach  has  to  be  crossed,  that  it  would  be  better  to 
commence  the  solid  work  altogether  seaward  of  the  shingle  "  fulls," 
and  connect  it  with  open  piling  to  the  shore,  and  so  as  to  leave  the 
littoral  movement  of  beach  uninterfered  with. 

As  respects  groynes,  there  is  hardly  a  watering-place  on  our 
Bonthern  coast  where  they  have  not  become  a  burning  vexata  qnasUo 
of  the  day,  and  at  most  of  them  illustrate  the  suggestion  made  more 
than  thirty  years  back,  that  groynes  cut  up  a  shore  into  a  multitude 
of  bays,  with  a  repletion  of  material  on  one  side  and  deep  water  on 
the  other,  and  would  have  had  a  better  substitute  in  a  sea-wall  that 
allowed  the  shingle  to  pass  freely  backwards  and  forwards  along  its 
faoe.  Such  was  the  experience  with  the  frontage  of  Romney  Marsh, 
defended  by  Dymchurch  sea-wall,  3 J  miles  in  length,  where  the  old 
system  of  groynes,  which  cut  up  the  frontage  into  an  interminable 
number  of  bays,  was  abandoned  about  forty  years  back  in  favour  of 
the  present  stone  slope. 

llie  system  of  groynes  at  Brighton,  for  some  isolated  points, 
appeared  to  have  answered  well  when  the  supply  arriving  at  that 
town  of  shingle  from  the  westward  was  uninterfered  with,  but  a 
change  occurs  when  the  system  was  continued  to  Hove,  or  West 
Brighton,  in  thickening  quantities.  The  material  arriving  was  a 
constantly  diminishing  one,  from  the  fact  that  the  Shoreham  Gas 
Works,  erected  under  an  Act  of  Parliament  on  the  **  live  "  beach 
between  the  harbour  and  the  sea,  were  found  to  stand  upon  a  some- 
what unstable  base,  with  a  fickle  sea  defence,  unless  supplemented  by 
artificial  works.  Groynes  on  an  extended  scale  were  erected,  which 
treated  West  Brighton  in  the  same  ungenerous  spirit  entertained  in 
former  days  for  Rottingdean,  for  the  sake  of  and  advantage  of  Kemp 
Town,  llie  encroachment  of  the  sea  to  the  leeward  side  of  the 
groynes,  on  the  esplanade  lawns,  has  necessitated  the  erection  of  an 
esplanade  wall. 


Brief  Notices  of  Papers   Bead  before  Section  C.  (Geology,   British  Association 
Meeting,  Aberdeen,  1885. 

I. — Thv  Chasm  called  the  Blaok  Rock  of  Kiltearn. 

By  "William  Watson. 

THIS  is  a  narrow  ravine  in  conglomerate :  its  length  is  ahout  1^ 
mile;  its  depth  varies  from  100  to  130  feet;  its  breadth  at  the 
top  varies  from  12  to  15  to  aboat  30  feet.  The  river  which  flows 
through  the  ravine  is  the  Altl-Granda ;  it  drains  Glen  Glass  (above 
the  ravine)  ;  the  water  flows  into  Cromarty  Firth. 
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The  author  refers  to  popular  views  held  to  explain  the  formation 
of  the  ravine — earthquakes  and  fracture — and  shows  that  these  are 
inadequate.  The  ravine  has  clearly  heen  produced  hy  erosion,  of 
which  the  marks  are  still  visible  on  the  sides ;  the  difficulty  is  to 
explam  how  erosion  oould  have  produced  a  gorge  of  this  kind  with* 
out  weathering  action  and  floods  having  denuded  the  sides. 

Above  the  gorge  in  Glen  Glass  was  once  a  lake.  This  had  been 
silt^  up  to  the  height  of  about  80  feet  with  sand,  washed  out  of  the 
Glacial  dibria  of  the  glen.  When  the  barrier  that  couflned  the  lake 
gave  way,  the  river  flowed  over  the  surface  of  the  conglomerate, 
carrying  with  it  much  sand  from  the  lake  silt,  and  using  this  as 
a  means  of  rapidly  eroding  the  rock.  When  the  chasm  was  deep 
enough  to  prevent  the  floods  from  overflowing  the  banks,  the  sides 
oould  not  be  widened  to  any  great  extent  The  disproportion 
between  the  deepening  and  widening  process  has  been  maintained, 
thus  causing  the  steep-sided  narrow  glen.  The  excavation  now 
going  on  is  small,  whilst  the  weather  has  some  effect  on  the  sides ; 
so  that  ultimately  there  will  be  produced  an  ordinary  valley. 


II. — Notice  of  an  Outline  Gbolooioal  Map  of  Lower  Egypt, 

Arabia  Petrjba,  and  Palestine. 

By  Prof.  Edward  Hull,  LL.D.,  F.R.S.,  F.G.S. 

THE  map  exhibited  was  enlarged  from  that  which  accompanies  the 
author's  book  "Mount  Seir,  Sinai,  and  Western  Palestine," 
giving  a  narrative  of  the  expedition  sent  out  into  these  countries  by 
the  Palestine  Exploration  Society  in  1883-84:.  It  embraces  a  region 
extending  from  the  valley  of  the  Nile  on  the  west  to  the  table-land 
of  Edom  (Mount  Seir)  and  Moab,  including  the  Jordan,  Arabah 
Yalley,  and  the  mountains  of  Sinai.  Its  northern  limit  is  the  Lebanon. 
The  following  formations  and  divisions  are  represented  : — 

1.  Sandhills  of  Lower  Egypt,  the  coast  of  Paleetine, 
and  Arahah  Valley. 

2.  AlluTial  Deposits  of  the  Nile,  the  Ghor,  and  Jordan 
Valley. 

Gravel  of  the  "Wady  el  Arahah. 

1.  Baised  Beaches  hordering  the  Gulfs  of  Suez  and 
Akahah,  the  Isthmus  of  Suez,  and  borders  of 
Palestine. 

2.  Ancient  Deposits  of  the  Salt  Sea  (Dead  Sea). 

3.  Old  Lake-beds  of  the  Sinaitic  Peninsula  and  Arabah 
Valley. 

1.  Upper  Eocen/8.    Calcareous  Sandstone  of  Philistia. 

2.  Middle  and  Lower  Eocene.    Nummulite  Limestone. 
8.   Upper  Cretaceous.     Cretaceous  Limestone. 

4.  Cenomanian,    Nubian  Sandstone. 
(  1.  Limestone  of  Wady  Nash. 
\  2.  Desert  Sandstone  and  Conglomerate. 

I  Granite,  Gneiss,  and  Tarious  kinds  of  Schist. 

[  Basalt,  Dolerite,  etc. 

{Granite,  Porphyry,  Felstone,  Diorite,  etc. 
Beds  of  Tun  ana  Agglomerate  of  Wady  Haroun  and 
Jebel  esh  Shomrah. 


Becent. 


Becent  akd 

Post- Pliocene  to 

Pliocene. 


Eocene  to 
cuetaceous. 

LoTVEB,  CARBONrPEROTrS. 

Metamorphio  Bocks 

(Archaean  ?). 

MoDEHN  Volcanic 

BOCKB. 

Ancient  Volcanic  or 
Plutonic  Bocks. 
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The  main  lines  of  fault  and  dip  of  the  strata  are  also  indicated. 

As  an  oatline  of  the  scientific  results  which  were  arrived  at  by  the 
members  of  the  expedition,  and  which  are  represented  on  the  map, 
had  already  been  communicated  to  the  Association,^  it  was  not  con- 
sidered necessary  to  repeat  them  here,  but  the  author  wished  to  add 
that  a  topographical  and  geological  map  of  the  Arabah  Valley  on  a 
scale  of  about  six  miles  to  one  inoh  was  in  preparation,  and  would 
accompany  the  Geological  RepoH  now  in  the  press  for  the  Palestine 
Exploration  Society.  The  topographical  survey  had  been  made  by 
Idajor  Kitchener,  R.E.,  and  Mr.  John  Armstrong  (formerly  sergeant- 
mHJor,  R.E.),  and  the  geological  details  had  been  inserted  by  the 
author.  In  addition  to  these,  several  longitudinal  geological  sections 
illustrating  the  structure  of  various  parts  of  this  region,  and  nume- 
rous drawings  would  accompany  the  memoir. 

IIL — On  thb  Ooourbsnge  of  Lower  Old  Red  Conolomsratb  in 

THE  PrOMUMTOBT  07  THE  FaNAD,  NoBTH  DoMEGAL. 

By  Professor  Edward    Hull,  LL.D.,  F.R.S.,  F.G.S., 
Director  of  the  Geological  Survey  of  Ireland. 

THE  district  in  which  the  Old  Red  Conglomerate  occurs  is  formed 
of  ridges  and  valleys  of  metamorphio  rooks,  consisting  of  beds 
of  quartzite,  schist,  crystalline  limestone,  and  trap,  chiefly  diorite. 
It  lies  between  Lough  S willy  and  Mulroy  Bay,  and  is  washed  on 
the  north  by  the  waters  of  the  Atlantic.  The  remarkable  tract  of 
the  Old  Red  Conglomerate,  recently  discovered  by  the  officers  of  the 
Geological  Survey,  is  far  remote  from  any  mass  of  the  same  formation, 
and  it  is  unrepresented  on  any  geological  map  hitherto  published. 

The  beds  consist  of  red  and  purple  sandstones  and  conglomerates, 
made  up  chiefly  of  quartzite  pebbles  and  blocks,  but  also  containing 
others  of  limestone  and  trap;  all  derived  from  the  surrounding 
metamorphic  series.  They  occupy  an  area  of  over  two  miles  in 
length  and  half  a  mile  across,  extending  along  the  northern  base  of 
Knock  Alia,  a  ridge  of  quartzite  which  traverses  the  promontory 
from  side  to  side.  The  beds  dip  against  the  base  of  the  mountain, 
against  which  they  are  let  down  by  a  large  fault,  and  they  terminate 
along  their  northern  edge  by  an  unconformable  superposition  on 
beds  of  quartzite  and  limestone.  They  reach  a  total  thickness  of 
about  800  feet 

From  the  position  of  these  beds  it  becomes  evident  that  they  are 
unconnected  with  any  of  the  recognized  basins  of  Lower  Old  Red 
Sandstone,  either  in  Scotland  or  Ireland,  and  may,  therefoi'e,  be  re- 
garded as  having  been  formed  in  an  isolated  basin,  which,  following 
the  example  of  Dr.  Geikie,  I  may  be  allowed  to  name  ''  Lake  Fanad." 
The  tract  will  be  a  new  feature  on  geological  maps  of  Ireland. 

IV. — On  Rocks  of  Central  Caithness. 
By  John  Gunn. 

THE  term  '*  Central  Caithness  "  is  intended  to  embrace  most  of  the 
parish  of  Halkirk  and  part  of  the  parish  of  Watten.     The 
^  Bep.  Brit.  Afisoc.  (Montreal  Meeting,  1884),  Transactions  of  Sections  C  and  £. 
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upper  part  of  the  parish  of  Halkirk  is  covered  by  drift-gravel, 
nnderlying  peat  At  Looh  More  flagstones  are  presented.  Below 
the  lake  may  be  traced  the  banks  of  what  was  once  a  great  river. 
At  Dirlot  the  rocks  are  sandstone,  granite,  gneiss,  gneissio  con- 
glomerate, and  limestone.  At  Dal  more  the  right  bank  of  the  Thurso 
is  composed  of  Boulder-day,  the  left  of  gravel.  Here  is  seen  a 
chain  of  moraines,  composed  of  granitic  gravel  and  sand.  At 
Tormsdale  a  vein  of  some  cinder>like  material  occurs.  The  flag- 
stones at  Poll  a'  Ghreagan  are  covered  with  freestone,  as  also  at 
Dale  Bridge  on  the  right  bank  of  the  river.  On  the  left  the  flags 
lie  exposed  in  great  tabular  masses,  overlying  limestone.  At  the 
top  of  the  Mill  Pool  are  the  remains  of  a  natural  dam.  Below  this 
pool  a  band  of  freestone  once  crossed  the  bed  of  the  river.  At  Dale 
are  shifting  beds  of  gravel,  and  here  the  river  is  continually  changing 
it  course.  Below  Polihour  flags  again  appear,  and  opposite  Soots 
Calder  are  banks  of  Boulder-clay,  the  boulders  therein  being  very 
distinctly  striated.  Great  masses  of  flagstone  block  up  the  bed  of 
the  stream  at  Gerston.    At  Halkirk  the  clifis  are  coated  with  red  ochre. 

Granite  is  not  visible  at  Durrery,  as  has  been  stated  by  at  least  one 
writer,  but  it  does  not  appear  to  lie  at  any  great  depth  below  the  flags. 

At  Achanarras  a  curious  fossil  fish,  CoccosteuSf  is  found  in  a  small 
slate  quarry. 

East  from  Spittal  the  angle  at  which  the  rocks  dip  gradually 
diminishes,  and  at  Lanergill  reaches  its  nearest  approach  to  a  dead 
level. 

Drift  gravel  prevails  in  the  neighbourhood  of  Halsary,  and  also 
down  part  of  Strathberg,  where  the  banks  of  the  ancient  river  may 
again  be  traced.     Here  the  Dalmore  moraines  are  continued. 

No  evidence  of  volcanic  action  can  be  gathered  from  an  examina- 
tion of  the  rocks  of  Central  Caithness,  but  the  district  presents  a 
fair  field  for  the  study  of  erosion  by  ice,  air,  and  water. 

v.— On  the  Waterwokks  at  Goldstone  Road,  Brighton. 
By  W,  Whitakbr,  B.A.,  F.G.S.,  Assoc  Iii8t.C.E. 

NOTES  of  a  visit  underground  in  December  1884,  when  the  water 
was  pumped  down  for  extending  the  galleries.  These  works 
are  perhaps  the  best  example  of  the  right  way  of  getting  a  very 
large  supply  of  water  from  the  Chalk,  galleries  being  driven  (in  one 
case  to  the  length  of  800  feet)  at  about  low- water  level,  so  as  to 
cut  the  fissures  and  intercept  the  water  on  its  way  to  the  sea. 

The  whole  of  the  works  (shafts  and  galleries)  are  in  the  White 
Chalk,  with  but  few  flints  in  the  bedding-planes,  but  with  many 
oblique  layers  along  joint-planes.  The  supply  comes  chiefly  from  a 
few  powerful  springs,  and,  though  small  contributions  issue  between 
these,  it  is  noteworthy  how  far  a  tunnel  has  sometimes  been  driven 
before  reaching  a  fissure  of  large  yield.  Under  these  circumstances 
borings,  or  even  shafts,  might  have  failed  to  yield  a  large  supply. 

The  roof  of  the  north-eastern  gallery  is  throughout  of  one  bed, 
rarely  needing  support,  a  thin  brittle  layer  of  flint  at  its  base  being 
cleared  away. 
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Hemews-^Dr.  Lindsirom'i  Silurian  Crustacea 


SnnBNS  FBOM  THB  IsLANDS  WTgfeJ'BENANDO    ^  \ 
NOEOMHA  GbOUP.  ^^^i JF0B*^^3^ 


By  Professor  A.  Bbna&d,  LL.D. 

rB  rock  specimens  described  in  this  communication  were  col- 
lected by  J.  G.  Buchanan,  Esq.,  during  the  voyage  of  the 
"  Challenger."  The  islands  have  been  described  by  Darwin  in  his 
"  Geological  Observations  on  Volcanic  Islands  "  (2nd  edition,  p.  27). 
The  anthor,  after  having  explained  the  geological  structure,  gives 
lithological  descriptions  of  the  chief  types  of  the  rocks,  which  may 
be  referred  to  the  phonolites  (St.  Michael's  Mount).  These  phono- 
lites  are  composed  of  sanidine,  augite,  nepheline,  hornblende,  magne- 
tite, nosean,  and  titanite. 

The  rocks  of  Hat  Island  are  basalts  with  nepheline.  The  con- 
stituent minerals  are  augite  and  olivine.  The  ground-mass  is  almost 
entirely  composed  of  nepheline ;  biotite  and  apatite  occur  as  acces- 
sory constituents.  The  little  island  known  as  Platform  Island  is 
also  basaltic,  with  a  doleritio  texture.  It  is  composed  of  labradorite, 
augite,  olivine,  magnetite,  and  biotite.  The  rock  has  undergone 
alterations. 


VII. — ^Tbages  of  Eahlt  Human  Habitations  on  Deesidb  &  Vicinity. 
By  ttie  Rev.  J.  O.  Micuib,  A.M. 

CIKCULAR  CAIBNS :— Their  structure.  Their  probable  uses- 
human  dwellings ;  sepulchral  purposes.  Urns,  chests  (cists) 
found  in  connection  (Migvie). 

Yrbd  Houses  : — General  structure — examples  in  Cromer,  Glen- 
kindy,  and  Kildrummy.  Probable  uses.  Generally  found  in  the 
Ticinity  of  round  cairns  and  circular  foundations. 

Lake  Dwellings  (Crannogs):— Island  in  Lock  Einnord,  Loch 
of  Leys.  Similar  to  those  found  in  Wigtonshire  and  Ayrshire.  Dr. 
Stuart's  "  Scottish  Crannogs,"  and  Dr.  Munroe's  "  Ancient  Scottish 
Lake  Dwellings."  Relics  found  in  connection— canoes,  arrow-heads, 
oelts,  stone  knives,  and  stone  cups. 

Moatbd  Forts  :— Lnmphanan,  Invemochty,  Rothiemurchus,  and 
roder  form  at  Loch  Davan. 

Ancient  Piotish  Towns  : — Character  and  situation.  Davan — 
Short  description  of ;  probably  the  Devana  of  the  Romans. 


I^  E  V  I  E  ^W"  S. 


I. — ^FoBTECKNiNO  tA  Gotlandb  Silubiska  CrustaoIsbb.  Af  G. 
LiNDSTBOM.  Tafl.  xii.-xvi.  (Ofversigt  af  Kongl.  Vetenskaps- 
Akademiens  Forhandlingar,  1885,  No.  6.     Stockholm.) 

A  Catalogue  of  the  Silubian  Cbustaoba  ov  Gotland.  By  G. 
Lind8tb5m.     8vo.  pp.  63,  5  Plates. 

IN  the  thirty  years  which  have  elapsed  since  the  issue  of  Angelin's 
great  work  *'  Palseontologica  Scandinavica,''  there  has  l^n  a 
great  accumulation  of  fresh  fossil  material  from  Swedish  strata, 
partly  through  the  labours  of  Angelin  himself,  and  partly  through 
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the  work  of  succeeding  palaeontologists ;  and  Prof.  Lindstrom  has 
undertaken  the  desirable  task  of  investigating  its  character.  This 
memoir  contains  the  results  of  his  studies  of  the  Silurian  Crustacea 
of  Gotland,  from  which  locality  70  species  of  Trilobites,  and  two  of 
Merostomata,  are  enumerated  and  described.  New  species  belonging 
to  the  following  genera  are  introduced,  viz.  Phacops  (1) ;  Cheirurus 
(I);  SphcBrexochus  (2) ;  Lichos  (6);  Harpes  (1);  Calymene  (6); 
Phaitonides  (2)  ;  Cyphasphis  (1) ;  Proetus  (6)  ;  lUanus  (2) ;  and 
Bronteua  (3).  A  new  genus,  Youngia,  based  on  the  characters  of 
Cheirurus  trispinosus,  Young,  is  formed,  and  includes  two  new  species. 
Most  of  the  lorms  are  fragmentary,  but  the  portions  preserved  retain 
their  surface  characters  so  perfectly,  and  these  have  been  so  clearly 
and  exactly  described  and  figured  in  the  plates  and  woodcuts,  that 
there  should  be  no  difficulty  in  identifying  them.  Prof.  Lindstrom 
gives  a  table  showing  the  distribution  of  the  species  in  the  four 
divisions  of  the  Gotland  strata,  which  correspond  respectively  to  our 
Upper  Llandovery,  Wenlock  Shale,  Wenlock  Limestone,  and  Ludlow 
beds ;  and  from  this  it  appears  that  in  Gotland  the  Wenlock  Lime- 
stone is  the  richest  in  species ;  that  there  are  three  species  peculiar 
to  the  Upper  Llandovery,  ten  to  the  Wenlock  Shale,  eleven  to  the 
Wenlock  Limestone,  and  four  to  the  Ludlow  beds.  Some  species, 
as  Spharexochus  scahriduBf  Encrinurus  punctatuB,  and  lUanua  barriensia, 
appear  in  all  the  divisions,  whilst  all  the  species  of  Lichas  are 
limited  to  the  two  upper  divisions.  Prof.  Lindstrom  further  states 
the  noteworthy  fact  that  not  one  of  these  species  is  found  in  the 
strata  below  the  marly  shales,  which  are  the  equivalents  of  the 
Upper  Llandovery,  in  Sweden.  Calyment  Blumenbachii  has  been 
reported  to  occur  in  underlying  beds,  but  according  to  Lindstrdm, 
the  head-shields  attributed  to  this  species,  found  in  West  Gotland 
and  in  Dalecarlia,  are  too  badly  preserved  to  admit  of  satisfactory 
recognition.  G.  J.  H. 

II. — Atlas  yon  China.  Orographisohe  und  Geologische  Earten; 
von  Ferdinand  Freihbbb  von  Riohthofsn,  zu  des  Yerfassers 
Werk  :  China,  ergebnisse  eigener  Reisen  und  darauf  gegrtlndeter 
Studien.  Erste  Abtheilung :  Das  Nordliche  China.  Berlin, 
Dietrich  Beimer,  1885. 

Atlas  of  China.  Orographic  and  Geological  Maps,  by  Fsrdinand 
Fkeihsrb  yon  Righthofen,  for  the  Author's  work  on  China. 
First  part,  Northern  China. 

THE  construction  of  a  series  of  geological  maps  of  such  a  vast  and 
comparatively  unknown  country  as  China,  must  be  a  difficult 
and  arduous  task,  even  in  the  hands  of  such  a  competent  geologist 
as  Prof,  von  Hichthofen.  And  yet  in  this  Atlas  we  have,  in  addition 
to  the  orographical  maps,  thirteen  large  maps,  each  representing  an 
area  of  78,000  square  kilometres,  on  which  the  boundaries  of  the 
principal  geological  divisions  of  Northern  China  are  delineated  with 
great  apparent  precision  I  The  basis  of  the  work  rests  on  the 
author's  observations  during  his  travels  in  the  country,  but  these  of 
course  were  limited  to  the  oomparatively  narrow  strip  of  territory 
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boondiDg  his  route;  be  has  further  oombined  the  information  ob- 
tained from  other  travellers  and  from  the  natives;  but  even  so  the 
mapping  of  the  geological  features  of  no  small  proportion  of  the 
country  must  have  depended  upon  bold  generalizations.  Whatever 
may  be  the  result  of  subsequent  actual  investigation  by  future 
Chinese  or  European  geologists,  this  preliminary  attempt  to  lay 
down  the  geological  boundaries  of  this  vast  area  cannot  fail  to  be  of 
great  advantage  and  assistance  to  later  workers,  and  deserves  the 
warmest  recognition.  The  maps  are  on  the  scale  of  1 :  750,000 ;  the 
colouring  employed  for  the  different  geological  divisions  is  partly 
similar  to  that  adopted  by  the  Geological  Congress.  This  first  part 
of  the  Atlas  is  intended  to  accompany  the  second  volume  of  the 
author's  great  work  on  China,  which  has  been  already  noticed  in 
the  Geolooioal  Magazine.'  G.  J.  H. 


III. — LbTHAA  ErRATTCA,  ODER  AUFZAHLUNG  UND  BeSCHRBIBUNO  DBK 
IN   DER    NORDDEUTSCHBN    EbENB   VORKOMMBNDBN    DiLUVIAL    Gb- 

soHiBBE  kordisohbr  Sbdimentab-Gesteine.  Yon  Fbruinand 
BoEHER.  Mit  11  Tafeln  und  3  Holzschnitten.  Palssontologische 
Ahhandlungen  herausgegeben  von  W.  Dames  und  E.  Katseb. 
Zweiter  Band.     Heft  5.     (Berlin  :  G.  Reimer,  1885.) 

lsthiba  erratioa,  or  an  enumeration  and  description  of  thb 
Diluvial  Erratics  op  Northern  Sedimentary  Rocks  occub- 
BiNG  in  the  Plains  of  North  Germany.  By  Ferdinand  Rcembe. 
4to.  pp.  173.     With  11  lithographed  plates  and  3  woodcuts. 

JN  the  Boulder-clay  which  is  so  extensively  distributed  over  the 
plains  of  North  Germany  and  Russian  Poland,  besides  the  frag- 
ments of  gneiss,  granite,  and  other  crystalline  rocks,  there  are  numer- 
ous broken-up  portions  of  sedimentary  strata,  many  of  which  abound 
in  fossils.  These  fossiliferous  erratics  have  long  been  studied  by 
German  palaaontologists,  more  particularly  by  the  veteran  author  of 
this  work,  and  the  present  memoir,  with  its  11  lithographed  plates 
of  the  principal  fossils  occurring  in  the  Boulder-clay,  is  intended  as 
a  more  complete  description  of  them  than  that  published  by  him  in 
1862.» 

The  author  first  gives  a  list  of  the  principal  memoirs  which  have 
appeared  on  the  subject  since  1828,  and  then  refers  briefly  to  the 
geological  position  of  the  Boulder-clay  ;  the  state  of  preservation  of 
the  boulders  and  fossils ;  the  geographical  extension  of  the  deposit ; 
the  difierent  formations  to  which  the  erratics  belong ;  the  original 
localities  from  whence  they  come ;  and  the  manner  in  which  they 
have  been  transported  to  their  present  positions.  Following  this,  is 
a  detailed  description  of  the  dififerent  species  of  fossils,  of  the  pre- 
sent distribution  of  each  in  the  Boulder-clay,  and  of  the  beds  in 
which  the  fossils  now  occur  in  other  European  areas. 

The  fossiliferous  erratics  belong  to  the  Cambrian,  Silurian, 
Devonian,  Jurassic,  Cretaceous,  and  Tertiary  formations,     llie  most 

1  Decade  11.  Vol.  IX.  p.  429. 

'  Zeitechrift  der  deutschen  geologiechen  Geeellschaft,  bd.  14,  pp.  676. 
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abundant  and  widely  distributed  are  boulders  of  limestone  of  Silurian 
age,  belonging  to  what  is  known  as  the  Orthoceren-Ealk,  the 
Eorallen-Ealk,  and  the  Beyrichien-Kalk.  The  Silurian  and  Cam- 
brian erratics  have  been  brought  partly  from  Sweden  and  partly 
from  the  Russian  Baltic  provinces.  Boulders  of  Devonian  age  are 
rare,  and  limited  to  the  eastern  provinces  of  Prussia  ;  they  have  un- 
doubtedly been  derived  from  Livonia  and  Courland.  Only  a  few 
scattered  fragments  of  Carboniferous  and  Permian  rocks  have  been 
met  with,  and  their  original  localities  are  unknown ;  whilst  Triassic 
boulders  appear  to  be  entirely  absent  Jurassic  boulders  are  only 
met  with  in  the  Eastern  half  of  the  Boulder-clay  area,  as  far  as  the 
Elbe.  Their  source  is  unknown,  but  they  are  most  nearly  related 
to  Jurassic  strata  in  Courland.  Cretaceous  boulders  extend  over  the 
entire  area;  they  belong  both  to  the  Cenomanian,  Turonian,  and 
Senonian  divisions ;  the  most  abundant  are  flints,  probably  derived 
from  the  Chalk  of  Denmark  and  the  South  of  Sweden.  No  erratics 
are  known  from  the  Oault  and  the  Neocomian  ;  but  calcareous  frag- 
ments of  Wealden  age  are  met  with  in  Brandenburg.  These,  how- 
ever, do  not  correspond  with  the  Wealden  strata  of  N.W.  Germany, 
and  their  origin  is  unknown.  Tertiary  erratics  are  rare  and  of 
limited  distribution,  but  fossil  wood  and  amber  are  widely  scattered 
in  the  Boulder-clay. 

The  direction  in  which  the  erratics  have  travelled  is  partly  from 
North  to  South,  and  partly  from  North-east  to  South-west  There 
is  no  indication  of  any  movement  from  N.W.  to  S.E.,  and  no  erratics 
from  Norway  are  met  with  in  the  Boulder-clay  of  Germany.  The 
author  believes  that  the  Boulder-clay  has  been  distributed  by  floating 
ice,  a  view  which  is  opposed  to  that  held  by  the  large  majority  of 
recent  investigators  of  the  subject,  who  maintain  that  it  is  due  to  the 
direct  action  of  glacial  or  inland  ice.  G.  J.  H. 


isjsi^ais,rr&  jl-istid  i^i^ocB3E3iDi35ra-S- 


L — LiNNBAN   SOOIBTT  OF  LONDON. 

November  5,  1886.— Sir  John  Lubbock,  Bart.,  M.P.,  F.R.S., 
President,  in  the  chair. 

The  first  part  of  an  exhaustive  Monograph  **0n  Recent 
Brachiopoda,"  accompanied  by  illustrations,  by  the  late  Dr.  Thomas 
Davidson,  F.R.S.,  etc.,  was  read  by  the  Secretary.  In  this  the 
author  reviews  the  labours  of  his  predecessors  in  the  same  field, 
with  regard  to  the  shell,  the  anatomy  of  the  adult  animal,  and 
its  embryology.  As  regards  the  perplexing  question  of  affinities, 
he  remarks: — "Now,  although  I  do  not  admit  the  Brachiopoda 
to  be  Worms,  they,  as  well  as  the  MoUusca  and  some  other 
groups  of  Invertebrates,  may  have  originally  diverged  from  an 
ancestral  vermiform  stem,  such  as  the  remarkable  worm-like 
mollusc,  Neomenia,  would  denote."  He  lays  stress  on  the  Brachi- 
opodous  individual  being  the  product  of  a  single  ovum,  and  not 
giving  rise  to  others  by  gemmation.    He  considers  that  the  shell, 
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the  pallial  lobes,  the  intestine,  the  nerves,  and  the  atrial  system 
afford  characters  amply  sufficient  to  define  the  class.  The  greatest 
depth  at  which  a  livin^jr  species  has  been  found  alive  has  been  2990 
fathoms.  As  to  classification,  he  groups  the  recent  species  into  two 
great  divisions :  I.  Anlhropomata  (Owen)=(7/i«<efi(6ra<a  (King);  IL 
Zypomata  (Owen)  =  Tretenierata  (King).  The  Anlhropomata  he 
divides  into  three  families : — (1),  Terebrattdacea,  with  seven  sub- 
families and  thirteen  genera  and  subgenera,  seventy  species,  and 
twenty -one  uncertain  species;  (2),  Thecideidaf  with  one  genus  and 
two  species ;  (3),  Bhynchondlidm^  one  genus,  one  subgenus,  and  eight 
species.  The  Zypomata  he  also  divides  into  three  families,  five 
genera  and  subgenera,  twenty-three  species,  and  seven  uncertain 
species : — (1),  Craniidce,  with  one  genus  and  four  species ;  (2), 
JbiseimdfB,  with  one  genus,  one  subgenus,  and  eight  species ;  (3), 
ZingtUida,  with  one  genus,  one  subgenus,  and  eleven  species.  Be 
does  not  accept  M.  Deslongcbamps'  scheme  (1884)  of  classifying 
the  Terebratulina,  bringing  forward  Mr.  Dall's  observations  on 
Waldheimia  floridana  of  delicate  spiculso  in  the  floor  of  the  great 
sinuses  as  telling  evidence  against  the  arrangement.  The  various 
genera  and  species  are  then  dealt  with,  followed  by  remarks  on  the 
TerebratulacecB,  with  copious  descriptions  and  observations. 


II. — Kbadikg  Litkbart  and  Soientifio  Sooibtt,  Oct  18,  1885. 

'*0n  the  Coal-fiblds  of  the  United  Kingdom."  Inaugural 
Address  from  the  President,  J.  H.  Blake,  F.G.S.,  Associate 
Mining  Institute  C.E.,  of  H.  M.  Oeological  Survey  of  England. 
The  President  remarked  that  the  question  as  to  the  rapid  exhaustion 
or  otherwise  of  our  coal-fields  was  of  national  interest  and  importance. 
Coal  consists  of  indurated  or  mineralized  vegetable  matter,  and 
occurs  in  seams,  interstratified  in  beds  of  sandstone,  grit,  shale,  clay, 
and  ironstone,  and  more  rarely  of  limestone.  These  together  are 
called  the  Coal-measures,  which  in  some  Coal-fields  attain  a  thick- 
ness of  some  thousand  feet.  Of  the  amount  of  vegetation  required 
to  form  not  only  one  seam  but  forty  or  fifty  or  more,  varying  from 
one  inch  to  several  feet  in  thickness,  which  often  succeed  each  other 
in  Coal-fields,  we  can  form  no  adequate  conception,  any  more  than 
we  can  calculate  the  time  required  for  their  growth  and  consolidation. 
Passing  more  or  less  through  the  stage  of  peat,  each  bed  or  mass  of 
vegetation  got  buried  under  successive  sediments,  and  through  the 
influence  of  time,  water,  chemical  changes  and  pressure  eventually 
became  converted  into  coaL  In  Britain  and  elsewhere  the  Carbon- 
iferous rocks,  which  were  originally  more  or  less  horizontal,  were 
disturbed  and  thrown  into  a  series  of  wave-like  curves  or  contortions 
together  with  other  formations  of  older  date.  After  this  disturbance, 
combined  with  faults  or  dislocations  of  the  beds,  denudation  or  waste 
ensued,  and  the  upper  part  of  the  curves  being  most  exposed  were  in 
many  instances  removed  or  worn  away,  the  portion  so  removed 
supplying  material  for  newer  strata.  The  lower  part  of  the  curves, 
or  basin-shaped  portions,  were  preserved  from  destruction  by  their 
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position.  During  and  after  this  waste  of  Carboniferous  roclcs  the 
Permian  and  other  newer  strata  were  deposited  on  the  eroded  edges 
of  the  Carboniferous  and  other  older  strata,  and  these  in  their  turn 
also  underwent  disturbances  in  Britain  in  a  minor  degree  followed  by 
denudation.  Thus  the  Permian  and  other  newer  strata  lie  unoon- 
formably  on  the  Carboniferous  and  other  older  rocks.  It  is  some- 
times possible  to  estimate  approximately  and  sometimes  with  cer- 
tainty the  area  occupied  by  Coal-measures  under  the  OTerlying 
Permian  and  Secondary  formations,  by  giving  attention  to  the 
"  strike  "  and  **  dip ''  or  inclination  of  the  beds  and  by  other  means ; 
and  even  to  infer  the  basin-shaped  form  of  a  Coal-field,  part  of  which 
is  concealed.  It  was  by  paying  careful  attention  to  physical  pheno- 
mena such  as  these  and  to  details  of  stratification,  the  thickening  and 
thinning  of  the  formations,  their  conformity  and  unconformity,  the 
occurrence  of  faults  or  dislocations  and  other  disturbances,  that  the 
Committee  appointed  by  the  Boyal  Commission  were  enabled  to 
estimate  the  amount  of  coal,  namely,  56,273  millions  of  tons,  which 
probably  exists  at  workable  depths  under  the  Permian,  New  Red 
Sandstone  and  other  superincumbent  strata  in  the  United  Kingdom. 
Of  these  56,273  millions  of  tons,  upwards  of  23,000  millions  were 
estimated  to  occur  under  Yorkshire,  and  the  remainder  in  varying 
proportions  from  33  millions  in  one  locality  to  upwards  of  5000 
millions  in  another,  under  Warwickshire,  Leicestershire,  Staffordshire, 
Denbighshire,  Cheshire,  Lancashire  and  a  few  other  places  in 
England,  and  27  millions  in  Ireland.  In  estimating  the  quantity  of 
available  coal  in  the  Coal-fields  of  the  United  Kingdom,  the  depth  of 
4000  feet  was  adopted  by  the  Royal  Commission  as  the  limit  of 
practical  working,  and  all  seams  or  beds  of  less  than  one  foot  in 
thickness  were  excluded  from  the  returns.  Having  alluded  at  length 
to  the  description  of  the  Coal-fields  of  the  United  Kingdom,  showing 
approximately  the  probable  quantity  of  available  or  workable  coal 
they  contain,  the  lecturer  summed  up  the  calculations  as  follows: — 
Wales  34,466  millions  of  tons,  England  45,741  millions  of  tons, 
Scotland  9845  millions  of  tons,  and  Ireland  155  millions  of  tons,  a 
grand  total  of  90,207  millions  of  tons.  To  this  must  be  added  the 
56,273  millions  of  tons  estimated  to  exist  at  workable  depths  under 
the  Permian,  New  Red  Sandstone  and  other  superincumbent  strata, 
making  an  aggregate  of  146,480  millions  of  tons.  From  1870  to 
1884— fift-een  years— nearly  2052  millions  of  tons  have  been  pro- 
duced in  this  kingdom.  Mr.  Godwin- Austen  had  shown  that  Coal- 
measures,  which  thin  out  under  the  Chalk  near  Therouanne,  probably 
set  in  again  near  Calais,  and  are  prolonged  in  the  line  of  the  Thames 
Valley,  parallel  with  the  North  Downs,  and,  continuing  thence  under 
the  valley  of  the  Kennet,  extend  to  the  Bath  and  Bristol  Coal  area. 
He  showed  upon  theoretical  grounds  that  the  Coal-measures  of  a 
large  portion  of  England,  France,  and  Belgium  were  once  continuous, 
and  that  the  present  Coal-fields  wero  merely  fragments  of  the  great 
original  deposit  preserved  in  hollows.  These  views,  the  lecturer 
continued,  are  supported  by  many  eminent  geologists  who  gave 
evidence  before  the  Commission,  but  they  did  not  receive  the  support 
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of  Sir  Roderick  Murcbieon.  The  qaestion  of  coal  being  deposited  in 
the  South  of  England  is  still  a  theory.  Turning  to  the  question  of 
tbe  duration  of  the  total  available  quantity,  the  lecturer  said  that 
chiefly  depended  upon  the  statistics  of  consumption.  In  the  year 
1660  the  coal  produce  of  the  United  Kingdom  was  apparently  only 
about  2^  millions  of  tons;  in  1700  a  little  more  than  2^  millions; 
in  1750  nearly  6  millions ;  in  1800  upwards  of  10  millions  of  tons. 
About  this  period  the  system  of  canal  navigation  was  rapidly  extended, 
and  the  result  was  that  coals  were  gradually  finding  their  way  into 
new  districts,  by  which  means  the  consumption  of  coal  was  greatly 
increased.  In  1816  the  production  reached  probably  27  millions. 
Advancing  to  a  later  period  when  coal  statistics  were  more  carefully 
collected,  it  appears  that  in  1854  the  production  of  coal  was  upwards 
of  64  millions.  From  that  period  up  to  and  including  1883,  when 
the  production  of  coal  in  the  United  Kingdom  reached  the  largest 
quantity  yet  recorded,  namely,  nearly  163^  millions  of  tons,  there 
has  been  a  progressive  increase ;  except  in  the  years  1857,  1858, 
1874  and  1878,  on  which  occasions  there  was  a  decrease  varying 
from  about  one  to  two  millions  as  compared  with  the  quantity  raised 
in  the  year  immediately  preceding  these  dates.  Again  last  year 
(1884)  there  was  a  decrease  of  nearly  three  millions  of  tons.  What- 
ever view  may  be  taken  of  the  question  of  the  duration  of  coal,  the 
results  will  be  subject  to  contingencies.  On  the  one  hand,  the  rate 
of  consumption  may  be  thrown  back  to  any  extent  by  adverse  causes 
affecting  our  national  prosperity,  and  on  the  other  hand,  new  dis- 
coveries and  developments  in  new  directions  may  arise  to  produce 
a  contrary  effect  upon  the  consumption  of  coal.  Every  hypothesis 
must  be  speculative,  but  it  is  certain  that  if  the  present  rate  of 
increase  in  the  consumption  of  coal  be  indefinitely  continued  even  in 
an  approximate  degree,  the  progress  towards  the  exhaustion  of  our 
coal  will  be  very  rapid. — From  the  Reading  Observer,  Oct.  17,  1885. 

III. — Geological  Sogibty  of  London. 

(1.)— Nov.  18,  1885.— Prof.  T.  G.  Bonney,  D.Sc.,  LL.D.,  F.R.S., 
President,  in  the  Gliair. — ^The  following  communications  were  read  : 

1.  '*  Results  of  Recent  Researches  in  some  Bone-caves  in  North 
Wales  (Ffynnon  Beuno  and  Cae  Gwyn)."  By  Henry  Hicks.  M.D  , 
F.R.S.,  F.G.S.,  with  Notes  on  the  Animal  Remains,  by  W.  Davies, 
Esq.,  F.G.S.,  of  the  British  Museum  (Natural  History). 

This  paper  contained  the  results  of  researches  carried  on  in  these 
caverns  in  the  summers  of  1883,  1884,  and  1885  by  Mr.  E.  Bouverie 
Luxraore,  of  St.  Asaph,  and  the  author.  The  enormous  collection 
of  bones  belonging  to  the  now  extinct  animals  of  Pleistocene  age 
obtained  had  been  submitted  for  examination  to  Mr.  W.  Davies,  and 
afterwards  distributed  to  various  museums.  Several  well-worked 
flint  implements  were  also  discovered  in  association  with  the  bones. 

The  following  are  the  conclusions  arrived  at  by  the  author,  from  the 
facts  obtained  during  the  explorations : — That  abundant  evidence  has 
been  furnished  to  show  that  the  caverns  had  been  occupied  by 
hyaenas,  and  possibly  by  other  beasts  of  prey,  as  dens,  into  which 
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portions  of  oaroasses  of  various  animals  had  been  conveyed  in  Pleis- 
tocene times.  The  veiy  great  abundance  of  some  animals,  sncb  as 
the  rhinoceros,  horse  and  reindeer,  and  the  frequent  presence  of 
bones  belonging  to  young  animals,  proved  that  the  plain  of  the  Vale 
of  Clwyd,  with  that  extending  northward  under  the  Irish  Sea,  must 
have  formed  a  favourite  feeding-ground  even  at  that  time.  The 
flint  implements  and  worked  bones  showed  also  that  man  was 
contemporary  with  these  animals.  The  facts  perhaps,  however,  of 
greatest  importance,  made  out  during  these  researches,  are  those 
which  bear  on  some  questions  of  physical  geology  in  regard  to  this 
area,  which  hitherto  have  been  shrouded  more  or  less  in  doubt  The 
views  on  the  physical  conditions  in  Pleistocene  times  of  the  areas  in 
North  Wales  in  which  these  and  the  other  bone-caverns  occur,  so 
ably  put  forward  by  Sir  A.  C.  Bamsay,  appeared  to  the  author  to  be 
strongly  supported  by  the  results  obtained  in  these  explorations. 
The  ravine  in  which  the  caverns  occur  must  have  been  scooped  out 
previous  to  the  deposition  in  it  of  the  glacial  sands  and  Boulder-clays. 
This  sand  and  clay,  there  seems  good  evidence  to  show,  must  have 
filled  up  the  ravine  to  a  height  above  the  entrances  to  the  caverns, 
and  such  sands  and  clays  are  now  found  at  some  points  to  completely 
fill  up  the  caverns.  How,  then,  did  these  sands  and  clays  get  into 
the  caverns  ?  Were  they  forced  in  through  the  entrances  by  marine 
action  or  by  a  glacier  filling  the  valley  ?  Or  were  they  conveyed  in 
subsequent  to  the  deposition  of  the  Boulder-clay  in  the  valley  and 
surrounding  area  ?  The  position  of  the  caverns  in  an  escarpment 
of  limestone,  at  the  end  of  a  ridge  of  these  rocks,  with  a  sharp  fall 
on  either  side,  prohibits  the  idea  that  the  material  could  have  been 
washed  in  from  the  higher  ground,  as  has  been  suggested  by  some 
in  the  case  of  other  caverns,  if  it  had  anything  like  its  present  con- 
figuration. Moreover,  there  is  scarcely  any  deposit  now  visible  upon 
the  limestone  ridge,  and  there  is  no  certainty  that  there  ever  was 
deposited  there  any  great  thickness  of  such  a  clay  as  that  now  found 
in  the  caverns.  The  general  position  also  of  the  bones  in  some  of 
the  tunnels  seems  to  indicate  clearly  that  the  force  which  broke  up 
the  stalagmite  floor,  in  some  places  10-12  inches  thick,  and  stalac- 
tites 6  to  8  inches  across,  which  thrust  many  of  the  large  and  heavy 
bones  into  fissures  high  up  in  the  caverns  and  placed  them  at  all 
angles  in  the  deposit,  and  must  have  acted  from  the  entrance  inwards, 
and .  the  only  force  which  seems  to  meets  these  conditions  is  marine 
action.  The  following  seem  to  the  author  to  be  the  changes  indicated 
by  the  deposits.  The  lowest  in  the  caverns,  consisting  almost  entirely 
of  local  materials,  must  have  been  introduced  by  a  river  which  flowed 
in  the  valley  at  a  very  much  higher  level  than  does  the  little  stream 
at  present.  Gradually,  as  the  valley  was  being  excavated,  and  the 
caverns  were  above  the  reach  of  floods,  hysdnas  and  other  beasts  of 
prey  occupied  them,  and  conveyed  the  remains  of  other  animals  into 
them.  Man  also  must  have  been  present  at  some  part  of  this  period. 
Gradually  the  land  became  depressed,  the  animals  disappeared,  sta- 
lagmite was  formed,  and  the  sea  at  last  entered  the  caverns,  filling 
them  up  with  sand  and  pebbles,  and  burying  also  the  remains  not 
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•washed  out.  Floating  ice  deposited  in  this  sea  the  fragments  of 
rocks  derived  from  northern  sonrces,  and  these  became  mixed  with 
local  rocks  and  clays  brought  down  from  surrounding  areas.  The 
greater  part  of  the  Boulder-clay  in  the  Vale  of  Clwyd  was  probably 
deposited  as  the  land  was  being  raised  out  of  this  Mid-Glacial  sea. 
During  the  process  of  elevation  the  caverns  became  again  disturbed 
by  marine  action  and  the  upper  fine  reddish  loam  and  the  laminated 
clays  were  deposited.  It  seemed  to  the  author  impossible  to  avoid 
the  conclusion  that  these  caverns  must  have  been  submerged,  and 
afterwards  elevated  to  their  present  height  of  about  400  feet  above 
the  level  of  the  sea,  since  they  were  occupied  by  Palsaolithio  man 
and  the  Pleistocene  animals. 

2.  **  On  the  Occurrence  of  the  Crocodilian  Gknus  Tomistoma  in  the 
Miocene  of  the  Maltese  Islands."     By  R.  Lydekker,  Esq.,  F.G.S. 

The  author  described  the  anterior  portion  of  the  cranial  rostrum 
of  a  Crocodilian  from  the  Miocene  of  Malta,  to  which  Prof.  Sir  R. 
Owen  has  given  the  MS.  name  of  MelitosauruB  champsoides.  The 
author  considered  that  there  were  no  characters  by  which  the  spe- 
cimen could  be  generically  distinguished  from  Tomistoma.  Mention 
was  made  of  a  second  crocodilian  skull  from  the  Miocene  of  the 
Maltese  Islands,  and  of  a  third  from  Lower  Austria,  both  of  which 
the  author  thought  might  be  included  in  the  same  genus. 

3.  "  Description  of  the  Cranium  of  a  new  Species  of  Erina^eus 
from  the  Upper  Miocene  of  GSaingen."     By  R.  Lydekker,  Esq.,  F.G.S. 

The  anthor  described  the  palatal  half  of  the  cranium  of  a  large 
species  of  Erinacem  from  the  Upper  Miocene  of  (Eningen,  which  he 
r^arded  as  closely  allied  to  the  existing  E,  europaus,  and  proposed 
to  name  E,  cBningensia, 


(2.)— Dec.  2,  1885.— Prof.  T.  G.  Bonney,  D.Sc.,  LL.D.,  F.R.S., 
President,  in  the  Chair. — The  following  communications  were  read : 

1.  **0n  some  Borings  in  Kent. — A  Contribution  to  the  Deep- 
seated  Geology  of  the  London  Basin."  By  W.  ^Vhitaker,  B.A., 
F.G.S.,  Assoc.  Inst  C.E.  (Communicated  by  permission  of  the 
Director-General  of  the  Geological  Survey.) 

Seven  deep  borings  in  the  eastern  part  of  Kent  were  described,  all 
of  them  reaching  to  the  Gault.  The  chief  one  is  at  Chatham  Dock- 
yard, where  after  passing  through  the  whole  thickness  of  the  Chalk, 
the  Gault  was  found  to  be  193  feet  thick ;  whilst  the  Lower  Green- 
sand  was  only  41  feet,  and  was  underlain  by  Oxford  Clay,  a  forma- 
tion not  before  known  in  Kent 

These  facts  involve  the  thinning  of  the  Lower  Greensand  from 
200  feet  at  the  outcrop  a  few  miles  to  the  south,  and  the  entire  loss 
of  the  whole  of  the  Wealden  Series,  which  further  south  exists  in 
great  force,  the  Weald  Clay  being  600  feet  thick,  or  perhaps  more, 
and  the  Hastings  Beds  70<)  feet  or  more. 

Still  further  south,  in  the  central  part  of  the  Wealden  district, 
there  are  outcrops  of  the  Purbeck  Beds,  whilst  the  Sub  wealden 
boriug  continues  the  series  downwards.     We  have  thus  an  addition 
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to  the  beds  wanting  at  Chatham  of  some  400  feet  of  Purbeck  and 
Portlandian,  of  over  1100  feet  of  Eirameridgian,  and  of  nearly  500  ft. 
of  Corallian,  etc.  In  a  section  of  32  miles,  therefore  (the  distance 
between  the  Subwealden  and  the  Chatham  borings),  we  have  a 
thinning  of  beds  to  the  extent  of  over  3400  feet,  or  at  the  average 
rate  of  about  100  feet  in  a  mile. 

This  northerly  thinning  agrees  with  the  facts  that  have  been 
brought  before  us  from  other  deep  borings  in  and  near  London ;  but 
the  Chatham  boring  is  the  first  in  the  London  Basin  in  which  a 
Middle  Jurassic  formation  has  been  found.  The  teaching  of  the 
deep  borings,  as  a  whole,  is  that  north  of  the  Thames  older  rocks 
rise  up  beneath  the  Cretaceous  beds,  whilst  on  the  south  newer  rocks 
come  in  between  the  two. 

The  question  of  the  finding  of  the  Coal-measures  beneath  parts  of 
the  London  Basin  seems  to  admit  of  a  hopeful  answer,  whilst  the 
lesson  of  the  deep  borings  as  regards  water-supply  is  that  there  is 
small  chance  of  getting  water  from  the  Lower  Greensand  at  great 
depths  underground. 

It  would  be  well  if  underground  exploration  could  be  conducted 
on  a  systematic  plan,  with  proper  regard  to  both  topographical  and 
geological  considerations,  and  not  left  any  longer  to  the  chance  work 
of  people  in  search  of  water. 

2.  "Note  on  some  recent  openings  in  the  Liassic  and  Oolitic 
Bocks  of  Fawler  in  Oxfordshire,  and  on  the  arrangement  of  those 
rocks  near  Charlbury."  By  F.  A.  Bather,  Esq.  (Communicated  by 
Prof.  J.  Prestwich,  M.A.,  F.R.S.,  F.G.S.) 

The  river  Evenlode  rises  in  the  Lower  Lias  of  the  Vale  of  Moreton, 
traverses  the  range  of  Oolites,  and  joins  the  Isis  opposite  Wytham 
Mill.  Lias  is  exposed  to  about  three-quarters  of  a  mile  below 
Fawler.  where  Great  Oolite  is  brought  down  by  a  fault ;  and  in  the 
Geological  Survey  map  Lower  Lias  is  brought  down  the  valley  to 
within  half  a  mile  of  Charlbuiy  Railway  Station. 

In  this  paper  the  author  gives  reasons  for  believing  that  the  dis- 
tribution of  the  different  beds  constituting  the  Lias  in  the  Evenlode 
Valley  do  not  agree  with  the  Geological  Survey  map,  nor  with  Prof. 
Hull's  description,  recent  sections  and  borings  made  for  clay,  used  in 
brick-  and  pottery-making,  having  exposed  Lower-Lias  clay  in  a 
brick-yard  at  Fawler,  marlstone  and  Upper-Lias  clay  in  a  neigh- 
bouring coombe,  and  in  a  long  section  100  yards  north  of  the 
brick-yard  Inferior  Oolite  comes  in  upon  the  Upper-Lias  clay.  On 
examining  the  banks  of  the  Evenlmle  north  of  Charlbury,  it  was 
found  that  clays  referred  to  in  the  Survey  map  to  Lower  Lias  are 
really  Upper  Liassic.  being  above  the  Marlstone,  sections  of  which 
are  exposed  near  Culsham  Bridge. 

It  was  shown  how  these  corrections  in  the  mapping  of  the  ground 
are  explained  by  the  section  along  the  line  of  the  Evenlode  and  by 
the  dips  of  the  beds. 
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OLD  RED  SANDSTONE  UNDER  LONDON. 

SiK, — In  his  paper  "  On  the  Nature  and  Relations  of  the  Jurassic 
Deposits  which  Underlie  London  "  (Quart.  Joum.  Geol.  Soc.  vol.  xl.) 
Prof.  Judd  discusses  the  age  of  certain  red  rocks  met  with  deep 
down  at  Hichmond,  Crossness,  and  at  Kentish  Town.  One  question 
that  arose  was  whether  rocks  of  the  barren  Old  Red  Sandstone  type 
and  of  the  Devonian  (Eifelian)  type  were  likely  to  be  met  with  in 
close  proximity.  While  admitting  that,  as  in  the  Ardennes,  so  under 
London,  the  lowest  member  of  the  Devonian  (the  Gedinnien  of  Belgian 
geologists)  may  underlie  strata  of  the  Eifelian  type ;  yet  Prof.  Judd 
attaches  much  weight  to  the  suggestion  made  by  Mr.  Whitaker  that 
rocks  of  Old  Red  Sandstone  and  Devonian  type  are  not  likely  to 
occur  near  together. 

This  suggestion  is,  however,  opposed  to  what  is  well  known  in 
Devonshire.  There  we  have  the  Red  Sandstones  of  Cockington  near 
Torquay,  and  the  grits  of  Picklecombe  and  Staddon  near  Plymouth, 
as  well  as  the  Pickwell  Down  Sandstones  of  North  Devon,  which, 
as  Mr.  Champemowne  remarks  (Proc.  Geol.  Assoc,  vol.  viii.  p.  469), 
probably  represent  (both  stratigraphically  and  litbologically)  parts 
of  the  Upper  Old  Red  Sandstone.  These  strata  are  nowhere  far 
removed,  geographically,  from  rocks  of  the  Eifelian  type. 

Then,  too,  we  have  the  Lower  Devonian  grits  of  Lincombe,  War- 
berry  and  Meadfoot  in  South  Devon,  possibly  equivalent  in  part  to 
the  Hangman  grits  of  North  Devon;  but  they  are  of  a  different 
character  from  the  rocks  resembling  the  Upper  Old  Red  Sandstone. 
Prof.  Prestwich  has  insisted  on  the  resemblance  of  the  Kentish  Town 
red  beds  to  the  (Upper)  Old  Red  Sandstone  of  the  Mendip  Hills 
(Judd,  op.  ctt  p.  763). 

Hence,  without  committing  myself  to  any  definite  opinion  on  the 
subject,  there  appears  to  me  no  reason  why  rocks  of  Old  Red  Sand- 
stone type  (whether  Upper  or  Lower)  should  not  occur,  as  well  as 
Devonian  strata,  under  the  London  Basin.  Recent  researches,  more- 
over, tend  to  show  that  the  Devonian  (Eifelian)  strata  may  bridge 
over  the  interval  between  the  Upper  and  Lower  Old  Red  Sandstone. 

Of  course  it  is  still  open  to  question  whether  these  red  rocks  under 
London  are  Upper  or  Lower  Old  Red  Sandstone,  or  New  Red  Sand- 
stone (Poikilitic).  Horaoe  B.  Woodwabd. 
Bhadford-om-Avon,  Ifov.  1885. 


THE  "FAUNA  ANTIQUA  SIVALENSIS.*' 
Sir, — As  your  readers  are  doubtless  aware,  the  atlas  of  Falconer 
and  Cautley*8  "  Fauna  Antiqua  Sivalensis  "  was  originally  published 
in  separate  parts,  with  paper  covers  bearing  the  date  of  publication  of 
each  part ;  but  as  the  work  was  never  completed,  no  general  title- 
page  ever  appeared.  In  all  copies  in  public  libraries  that  I  have 
seen  the  atlas  has  been  bound,  and  the  original  paper  covers 
destroyed,  so  that  there  is  no  means  of  knowing  the  date  of  publica- 
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lion  of  pariioular  plates  in  which  Bpeoifio  names  make  their  first 
appearance,  and  I  have  noticed  in  several  instances  that  writers  have 
conseqnentjy  been  unable  to  give  the  exact  date  of  publication 
to  such  names.  As  I  am  fortunate  enough  to  possess  a  copy  in 
which  the  original  covers  are  preserved,  I  have  thought  it  well  to 
record  the  dates  of  publication  of  the  different  parts,  and  the  num- 
bers of  the  plates  contained  in  each,  viz. — 

1846.  Part    I.    Plates  1—12. 

„        „     II.      „       13— 22  and  13  a  (double). 

1847.  „  III.       „       12A,    12B,    12  C,    12D,    14A,    HB,     18A,    19A, 

20  A,  23,  24,  24  A 
„  „  IV.  „  25— 33,  and  26  A,  29  A. 
»t  »>  V.  ,,  34 — 45. 
»  if  VI.  ,,  46 — 66. 
„  VII.  „  167-68. 
„  „V1II.  „  69—80. 
1849.  „  IX.  „  81—92. 
The  Lodge,  Harpendbn,  Herts.  R.  Ltdkkkbe. 


FAUNA  OF  THE  GAS-COAL  OF  BOHEMIA. 

SiE, — In  the  Gbolooical  Magazine  for  November,  1885,  p.  527, 
Prof.  E.  D.  Cope,  in  a  very  kind  mention  of  my  work,  "  Fauna  der 
Gaskohle  in  d.  Kalksteinen  d.  Permformation  Bohmens,"  Prag,  1885, 
askt)  why  I  do  not  agree  with  him  that  Orieotus  had  the  thoracic  vertebne 
embolomerous.  Having  only  had  the  opportunity  of  comparing  the 
figure  of  CricotuSy  which  I  have  reproduced  on  p.  4,  band  ii.  heft !., 
I  saw  only  the  neural  arches  and  the  ribs,  and  on  the  lumbar 
vertebrsB  some  bodies  which  I  was  inclined  to  consider  elementu  of 
rachitomous  structure.  I  feel  sure  that  in  the  rich  material  in  Prof. 
Cope's  hands  he  has  evidence  in  support  of  his  opinion  that  all  the 
vertebrae  in  Cricottis  are  embolomerous  in  structure. 

Pkaoub,  3  JVoi;.,  1886.  Db.   AnTON   FbITSOH. 


ON  SOME  CRETACEOUS  MADREPORARIA,  BY  MR.  R.  P. 
TOMES,  F.G.S. 

Sir, — As  Referee  of  the  paper  by  Mr.  R.  F.  Tomes  *0n  some  im- 
perfectly known  Madreporaria  from  the  Cretaceous  Formation  of 
England,'  which  was  withdrawn  by  the  Author  from  the  Geological 
Society,  and  is  printed  in  the  Geoloqioal  Magazine  for  December, 
1885,  p.  541,  PI.  XIV.  1  take  exception  to  the  statement  in  brackets 
in  the  concluding  paragraph  of  the  paper  on  p.  552,  "It  is  now 
printed  verbatim  with  figures  by  Mr.  C.  Berjeau  of  the  specimens 
exhibited  at  that  meeting,*'  as  calculated  to  mislead.  It  is  true  that 
the  originals  of  some  of  the  figures  on  the  Plate  accompanying  the 
paper  were  exhibited  at  the  Meeting,  but  the  original  specimens  of 
Figs.  1,  2,  3,  4,  5,  6,  were  not  shown  on  that  occasion.  Further,  in 
the  Explanation  of  the  Plate  on  p.  552,  it  is  stated  :  **  Fig.  7.  Bhiz- 
angia  mamilli/ormia.  Three  corallites  united  by  the  stolon."  Fig.  8. 
lb.  Two  corallites  similarly  united."     lu  the  originals,  however, 
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wbich  were  exhibited  at  the  Meeting,  the  oorallitea  were  not  united 
by  the  stolon,  and  they  are  not  figured  as  united  (in  Plate  XIV. 
Figs.  7,  8)  in  the  Gbolooioal  Magazine,  though  they  were  so 
in  the  original  drawing  submitted  to  the  (Jeological  Society  by 
Mr.  Tomes. 

As  these  statements  relate  to  matters  of  faot,  I  should  feel  obliged 
if  you  would  allow  me  this  opportunity  of  rectifiying  them  in  the 
Maoazime. 

"TheKkfekbi." 


3S^CISOEIiX.-A.IsrEO  TJS. 


THE    "  COMING-OF-AGE "    OF    THE    GEOLOGICAL    MAGAZINE. 
Testimonial  to  the  Editob,  Dr.  H.  Woodward,  F.R.S.,  F.G.S. 

A  meeting  of  the  Subscribers  to  the  Testimonial  to  Dr.  H.  Woodward, 
F.R.S.,  for  twenty-one  years  Editor  ot*  the  Gkological  Magazine, 
was  held  on  the  15th  December,  1885,  at  the  Apartments  of  the 
Geological  Society,  Burlington  House,  when  Prof.  T.  G.  Bonne}', 
F.R.S.  (President  Geol.  Soc.),  presented  to  that  gentleman,  on  behalf 
of  the  subscribers,  a  silver  salver  with  a  tea  and  coffee  service  and 
a  cheque  for  £253.  On  making  the  presentation,  Prof.  Bonney 
addressed  Dr.  Woodward  as  follows : — 

"  Dr.  Woodward— 

It  is  now  rather  more  than  twenty-one  years  since  the  Geolootoal 
Magazine  arose  upon  the  foundation — I  had  almost  said  the  ruins — 
of  an  earlier  publication.  For  the  whole  of  that  time  you  have  been 
one  of  its  editors,  for  almost  the  whole  its  principal  editor.  On  yon, 
though  supported  by  the  aid  and  counsel  of  most  able  coadjutors, 
has  fallen  the  chief  burden  of  the  work,  the  chief  responsibility  of 
the  undertaking. 

It  would  be  difficult  to  appreciate  too  highly  the  aid  which  the 
GsoiiOGiOAL  Magazine  has  rendered  to  the  progress  of  our  Science. 
It  has  supplied  a  want  which  had  long  been  felt,  which  would  at 
once  recur  if  it  ceased  to  make  its  welcome  monthly  appearance. 
There  are  many  Geological  notes  and  papers  written,  which,  from 
their  brevity,  from  their  interest  being  of  a  somewhat  ephemeral 
character,  from  their  treatment  being  more  historical  or  their  aim 
more  controversial,  are  not  exactly  suited  to  the  pages  of  the 
Quarterly  Journal  of  the  Society  in  whose  rooms  we  are  assembled  ; 
yet  the  appearance  of  these  in  print  is  a  boon  to  students  and  a 
benefit  to  science.  The  Geological  Magazine  thus  occupies  a 
position,  which,  on  one  hand,  has  common  ground  with  our 
Quarterly  Journal ;  on  another,  with  the  Proceedings  of  Local 
Scientific  Societies ;  on  a  third  with  such  a  publication  as  "  Nature," 
but  which  is  not  exactly  covei^ed  by  any  one  of  these.  During  all 
these  years  it  has  been  an  important  aid  to  British  Geologists,  and 
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I  do  but  echo  their  sentiments  when  I  wish  it  and  its  editor  a  long 
and  prosperous  life. 

But  this,  Dr.  Woodward,  is  not  the  only  service  that  you  have 
rendered  to  science.  It  is  possible  for  an  editor  to  nip  early  aspirations 
in  the  bud  and  to  petrify  the  neophyte  in  science  by  a  cold  breath, 
of  disapproval  or  sarcasm.  All,  however,  who,  like  myself,  have 
made  in  the  pages  of  the  Geological  Magazine  their  first  venture 
in  scientific  authorship,  will  be  ready  to  testify  to  the  kind  welcome 
and  friendly  encouragement  which  we  received  from  you.  Many, 
I  feel  sure,  have  thus  been  animated  to  further  efforts ;  so  that  you 
may  with  just  pride  assert  that  under  your  auspices  the  GeologicaIj 
Magazine  has  enlisted  many  recruits  for  the  great  army  of  scientific 
workers.  Yet  more,  not  only  in  its  pages,  but  also  at  your  place 
in  the  British  Museum,  you  have  been  ever  ready  to  help  the  student, 
and  to  place  at  his  disposal,  with  unvarying  kindness  and  courtesy, 
the  full  stores  of  your  ripe  knowledge.  This  work,  so  far  as  the 
Geological  Magazine  is  concerned,  you  have  done,  in  reality,  if 
not  in  name,  at  your  own  cost  The  small  sum  assigned  to  you  as 
Editor — inadequate  at  the  best  as  a  return  for  your  labours,  haa 
frequently  been  consumed  by  expenses  which  you  have  incurred  to 
increase — I  had  almost  said  to  maintain — its  efficiency.  In  this 
wealthy  country  those  who  labour  on  behalf  of  science,  especially 
in  regard  to  its  literature,  must* generally  be  content  to  do  it  at 
their  own  cost  You  have  done  this  ungrudgingly  for  so  long  a 
time,  though,  as  the  chief  bread-winner  of  a  family,  you  might  justly 
have  excused  yourself  from  so  unremunerative  a  task. 

The  sum  of  money  which,  on  behalf  of  the  Subscribers,  I  have  the 
pleasure  of  placing  in  your  hands  is  no  discharge  of  the  debt  which 
is  due  to  you  from  Geologists,  but  it  may  suffice  to  prevent  you 
from  feeling  that  the  members  of  your  household  have  been  serious 
losers  by  your  zeal  for  the  progress  of  Science ;  and  in  asking  you 
to  accept  this  small  present  of  plate,  your  friends,  for  whom  I 
speak,  wish  to  leave  with  you  a  niore  visible  memorial  of  their 
respect  and  regard.  They  trust  it  will  remind  yourself  and  the 
helpmate  who  has  shared  your  labours — remind  you  both,  we  trust, 
for  many  years  to  come — that  we  were  not  wholly  ungrateful. 
But,  even  when  the  call  to  cease  from  work  has  sounded  for  those 
chiefly  interested  in  the  friendly  gathering  of  to-day,  this  little 
memorial  may  avail  to  show  your  children  how  much  their  father 
was  esteemed,  and  may  nerve  them  to  emulate  the  example  of  their 
parents." 

Dr.  Woodward  in  reply  said : — 

"  Prof.  Bonnet  and  Gentlemen — 

"Words  are  but  feeble  vehicles  in  which  to  convey  the  warm  feelings  that  rise  in 
my  mind  to-day,  and  strive  for  utterance  in  response  to  the  eloquent  eulogium  you 
have  just  delivered;  and  when  I  look  at  the  munificent  testimonial  you  have 
presented  to  me,  I  am  at  a  loss  to  conceive  how  my  poor  exertions  as  Editor  of  the 
Geological  Magazine  can  have  been  deemed  worthy  of  so  high  a  recognition. 

Of  one  thing  I  feel  assured  that  I  owe  very  much  to  the  kind  words  which  you, 
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Sir,  expressed  ^m  tliis  chair  in  reference  to  myself  in  yonr  Presidential  address  in 
February  last,  and  I  am  grateful  to  learn  how  large  a  number  of  my  friends  have 
inscribed  their  names  to  this  very  handsome  gift,  which  will  be  to  me  a  lasting  token 
of  their  regard  and  friendship,  and  for  my  children  after  me. 

'J  he  Geolooical  Maoazinb  is  not  by  any  means  the  earliest  periodical  specially 
deroted  to  geology,  although  it  may  very  justly  claim  to  have  survived  for  a  longer 
period  than  either  of  its  predecessors. 

The  first  attempt  was  made  by  Mr.  Edward  Charlesworth,  F.G.S.,  who  commenced 
«*The  Londoa  Geological  Journal**  in  September,  1846.  Three  very  excellent  and 
richly  illustrated  Numbers  appeared  in  September,  1846,  and  February  and  May,  1847, 
when  it  expired  -  probably  from  want  of  funds.  The  veteran  Editor  still  survives, 
and  so  also  do  three  of  his  contributors,  Prof.  Morris,  M  r.  James  Carter  of  Cam- 
bridge, and  Mr.  William  Cunnington,  F.G.S.,  formerly  of  Devizes,  Wilts. 

The  "  Geologist,"  edited  by  Mr.  S.  J.  Mackie,  was  commenced  in  1858,  and  after 
fiye  years  and  a  half  was  merged  (by  purchase)  in  the  Gboloqical  Maoazinb  in 
July,  1864. 

It  is  pleasant  to  observe  amongst  the  contributors  -to  the  Jlrst  volume  of  the 
•*  Geologist"  in  1858,  the  names  of  the  Eev.  P.  B.  Brodie,  Prof.  J.  Morris,  Prof. 
Bupert  Jones,  Prof.  (Sir)  A.  C.  Bamsay,  and  Prof.  Prestwich,  names  still  prominent 
on  the  **  roll -call  "  of  eminent  Uvittff  geologists. 

It  is  gratifying  to  know  that  for  the  past  21  years  I  have  carried  vrith  me  so  large 
and  influential  a  body  of  supporters,  both  at  home  and  abroad. 

But  of  the  friends  who  stood  beside  us  at  the  outset  of  our  enterprise,  many  have, 
alas  !  left  us  and  '*  gone  with  the  great  departed  into  the  Silent  Land." 

I  rejoice,  however,  that  Sir  Richard  Owen,  Sir  A.  C.  Ramsay,  Dr.  A.  Geikie, 
Professors  Huxley,  Prestwich,  Rupert  Jones,  Morris,  Boyd  Dawkins,  Ruskin, 
Edward  Hull,  H.  G.  Seeley,  Bonney,  Nicholson,  Dr.  John  Evans,  Mr.  Etheridge, 
JAt.  Topley,  Mr.  H.  M.  Jenkins,  Mr.  Kinahan,  Mr.  Meyer  and  many  others  amongst 
my  first  contributors,  are  still  with  us ;  nor  have  we  lacked  very  many  new  and  able 
friends  who  have  helped  us  through  what  may  be  termed  the  **  renaissance  period,"  or 
middle-age  of  our  existence,  and  have  continued  to  stand  by  us  manfully  until  the 
present  day. 

Glancing  for  a  moment  at  the  period  embraced  by  the  joint  volumes  of  the 
*' Geologist"  and  the  Gbolooical  Maoazinb  combined  {i.e,  28  years),  we  have 
witnessed  in  that  quarter  of  a  century  some  of  the  greatest  advances  which  have  ever 
been  made  in  our  science. 

The  dissemination  of  the  Darwinian  theory  of  Evolution  has  made  the  long-buried 
past  of  Geological  history  only  an  early  chapter  in  the  life  of  our  earth,  and  Palaeon- 
tology and  Zoology  have  clasped  hands  never  to  be  again  disassociated. 

The  past  quarter-century  has  also  revealed  to  us  that  wonderful  chapter  in  the 
History  of  Early  Man  as  displayed  in  the  Old  River  Valley  Gravels,  Brickearths,  and 
Peat  Deposits,  in  the  Bone-caves,  Rock-shelters,  Kitchen-middens,  Lake-dwellings, 
and  other  Quaternary  records  of  our  Race,  bringing  into  prominence  the  latest 
chapter  of  Geology  which  *  dovetails '  the  <  prehistoric '  with  the  '  historic '  periods. 

The  time  would  fail  to  tell  of  the  progress  of  our  science  in  a  better  knowledge  of 
Physiography,  of  **  Climate  and  Time,"  the  '*  Great  Ice-Age,"  the  Study  of  Earth- 
quakes and  Volcanoes ;  the  Depths  of  the  Sea  ;  the  Formation  of  Mountain  Chains ; 
ol  Metamorphism ;  Atmospheric  Denudation  ;  of  the  Continuity  of  Matter.  Lastly, 
but  most  important,  both  for  organic  and  inorganic  studies,  has  been  the  grand 
development  of  Microscopic  research  as  applied  both  to  Palsontological  and  Minera- 
logical  studies,  with  which  the  names  of  our  past  l^resident  H.  C.  Sorby,  and  our 
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preflent  President  Prof.  Boimey,  will  always  be  associated,  and  for  whicb  the  Royal 
Mioroeoopical  Society  and  Mr.  Frank  Crisp  have  laboured  energetically  and  lon^. 

Probably  no  better  sign  of  the  utility  of  the  Gbolooioal  Maoazixb  could  be 
given  than  the  fact  of  tiie  abundant  supply  of  materials  to  fill  its  pages  which  the 
Editor  receiyes. 

Haying  started  the  present  serial  in  1864,  it  is  yery  agreeable  to  be  able  to  state 
that  after  the  first  year,  during  which  my  friend  Prof.  Eupert  Jones  undtsrtook  (at 
Messrs.  Longmans*  request)  the  task  of  Chief  Editor— I  have  had  the  sole  charge  of 
the  Gbolooical  Maoazinb  and  have  passed  each  number  through  the  press  myself, 
nor  have  I  relegated  the  duty  to  other  hands  on  a  single  occasion. 

Like  other  ephemerides,  the  Gbological  Magazine  has  had  its  periods  of  financial 
depression.  At  18  months  it  was  given  over  for  dead  by  its  first  publishers  (Messrs. 
Longmans  &  Co.\  and  again  at  10  years  old  it  hardly  seemed  likely  to  pull  through, 
and  Messrs.  Triibner  &  Co.  were  rather  doubtful  as  to  the  advisability  of  letting  it  go 
on ;  but  thanks  to  the  generous  support  of  friends,  it  recovered  from  both  crises  and 
has  still,  I  trust,  the  promise  of  many  years  of  usefulness  before  it. 

Having  arranged  its  contents  month  by  month  for  so  many  years,  with  my  own 
hands,  I  have  sometimes  imagined  it  to  be  all  my  own ;  but  it  would  indeed  be  a 
miserable  failure  were  it  not  for  the  long  list  of  distinguished  contributors  whose 
papers  give  value  to  its  pages,  and  without  whom  the  Gbolooical  Magazinb  would 
years  ago  have  ceased  to  exist. 

As  regards  its  financial  position,  the  Geological  Maoaziihi  has  the  disadvantage 
of  being  a  Class-periodical  —  appealing  only  to  Geologists,  Paleontologists,  and 
Mineralogists. 

The '  *  Annals  and  Magazine  "  and  *'  Silliman*s  Journal "  have  much  broader  bases, 
taking  cognizance  of  all  branches  of  Natural  History,  and,  in  the  case  of  Silliman,  of 
Chemistry  and  Astronomy  also. 

But  notwithstanding  our  limited  sphere,  we  have  been  able  to  sustain  life  for 
21  years,  and  a  few  degrteM  of  warmth  on  the  part  of  our  geological  friends,  in  adding 
to  our  list  of  subscribers,  would  produce  a  marvellous  efiect  in  an  inereaaed  eireuiaiion, 
gratifying  alike  to  Publishers,  Printers,  Artists  and  Editor,  who  have  done  their  best 
to  keep  the  production  of  the  Geological  Maoazikb  up  to  the  standard  of  the 
present  time. 

If  any  stimulus  were  needed  by  myself  as  Editor,  my  friends  have  this  day  applied 
it  in  the  form  of  a  very  substantial  recognition  of  my  services,  for  which  I  am  bound 
to  reiterate  my  warmest  and  most  sincere  thanks.  I  trust,  Sir,  that  you  will  long 
continue,  with  my  other  friends,  to  give  me  that  kindly  aid  and  support  which  is  ao 
essential  to  the  future  success  of  the  Geological  Maqazinb. 


Work  on  British  Petrography. — Messrs.  Watson  Bros,  and 
Douglas,  of  Birmingham,  announce  the  publication  of  a  work  on  British  Petro- 
graphy, being  a  Description  of  the  Ordinary  Rocks  of  the^British  Isles,  by  J.  J. 
Harris  Teall,  M.A.,  F.G.S,,  etc.,  illustrated  by  50  Chromo-Lithographic  plates 
from  original  drawings  of  typical  microscopic  slides.  To  be  completed  in  25  Imperial 
Octavo  Monthly  parts,  including  100  figures  and  about  35U  pages  of  text.  The  first 
part  is  announced  to  be  published  in  February  next.  From  a  previous  acquaintance 
with  Mr.  Teall's  able  and  careful  labours  in  petrography,  we  anticipate  that  this 
work  will  be  a  most  valuable  Book  of  Eeference  for  the  use  of  Professors  and 
Lecturers  in  Geology  and  Petrography,  and  for  all  who  are  interested  in  the  study  of 
British  Eocks. 
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L — Prof.  E.  D.  Copb,  on  a  New  Type  of  Pbrissodaotyle  XJngu- 

LA.TB    FROM     THE    WaSATOH    EoOBNE    OF    WYOMING    TeEEITOBY, 

United  States  of  Noeth  Amebioa. 
(PLATE  II.) 

IN  his  last  published  volume  on  the  Vertebrata  of  the  Territories,^ 
Prof.  Edward  D.  Cope  has  figured  and  described  many  new 
and  remarkable  forms  of  the  Order  Unoulata  from  the  Eooene  of 
Wyoming.  The  most  important  and  interesting  among  the  numerous 
species  described  being  the  genus  Phenacodus,  of  which  the  nearly 
entire  skeletons  of  two  species  have  been  discovered,  namely  P.  pri' 
nuBvus,  represented  in  our  plate  (Plate  II.)  and  P.  Vortmani,  So 
far  as  the  present  evidence  goes,  Phenacodvs  appears  to  have  been  the 
most  generalized  form  of  a  Perissodactyle  Ungulate  hitherto  described, 
though  other  contemporary  genera  may  ultimately  show  characters 
as  generalized,  when  the  relation  of  those  species  founded  upon  the 
dentition  to  those  founded  on  the  detached  bones  of  the  extremities 
is  better  known.  The  teeth  of  Phenacodus  are  tuberculated,  with 
intervening  valleys,  resembling  the  dentition  of  some  of  the  bunodont 
Artiodactyla,  whilst  the  femur  has  a  third  trochanter,  and  the  fore  and 
hind  feet  have  each  five  well-developed  digits,  showing  it  to  be  a 
Perissodactyle  or  odd- toed  ungulate. 

Again,  the  scapula  is  widened  anteriorly,  ais  in  the  Ursine  Camivora, 
the  Amblypoda  and  Proboscidea.  With  the  last  group  the  form  of 
the  ulna  also  coincides,  being  large  and  broad  relatively  to  the  radius, 
and  also  in  that  the  bones  of  the  carpus  do  not  interlock. 

From  these  coincidences  of  structure  Prof.  Cope  says,  "  This  genus 
must  be  placed  in  a  special  group  of  an  order  which  includes  the 
Proboscidea  "  (p.  383).  On  the  other  hand,  in  a  lecture  on  the  Horse, 
recently  delivered  at  the  City  of  London  Institute,  Prof.  W.  H. 
Flower,  LL.D.,  F.R.S.,  infers,  from  certain  structural  characters,  that 
it  was  an  early  ancestor  of  the  EquidoB.  However,  the  following 
general  description  of  the  genus  (extracted  chiefly  from  the  "  Ameri- 
can Naturalist,"*  and  reproduced  again  in  Prof.  E.  D.  Cope's  later 
and  grander  work)  will  better  serve  to  convey,  in  the  author's  own 

>  "  Eeport  United  States  Geological  Survey  of  the  Territories,"  F.  V.  Hayden. 
Tol.  iii.  **  The  Vertebrata  of  the  Tertiary  Fonnation  of  the  West,"  Edward  D. 
Cope.  Washington,  1884  (inner  title  1883) ;  4to.  pp.  xxxiy.  and  1009;  plates  75, 
several  folding. 

>  The  American  Naturalist,  toL  xv.  1881,  p.  1017. 
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words,  the  leading  facts  in  reference  to  this  remarkable  Eocene 
MammaL 

"  A  New  Ttpb  or  Psrissodaottlb  Ungulats. 

In  a  paper  on  the  *  Homologies  and  Origin  of  the  Molar  Teeth  of 
the  Mammalia  Educabilia,'  published  in  March,  1874,  I  ventured 
the  generalization  that  the  primitive  types  of  the  Ungulata  would  be 
discovered  to  be  characterized  by  the  possession  of  five*toed  planti- 
grade feet,  and  tubercular  teeth.  No  Perissodactyle  or  Artiodactyle 
mammal  was  known  at  that  time  to  possess  such  feet,  nor  was  any 
Perissodactyle  known  to  possess  tubercular  teeth.  Shortly  after 
advancing  the  above  hypothesis,  I  discovered  the  foot  structure  of 
Coryphodofit  which  is  five- toed  and  plantigrade,  but  the  teeth  are 
not  of  the  tubercular  type.  For  this  and  allied  genera,  I  defined 
a  new  order,  the  Amblypoda,  and  I  have  published  the  confident 
anticipation  that  genera  would  be  discovered  which  should  possess 
tubercular  (bunodont)  teeth.  This  prediction  has  not  yet  been 
realized.  I  now,  however,  record  a  discovery,  which  goes  far  to- 
wards satisfying  the  generalization  first  mentioned,  and  indicates 
that  the  realization  of  the  prophecy  respecting  the  Amblypoda  is 
only  a  question  of  time. 

In  1873  I  described,  from  teeth  alone,  a  genus  imder  the  name  of 
PhenacodttB,  and  although  a  good  many  specimens  of  the  dentition 
have  come  into  my  possession  since  that  date,  I  have  never  been 
able  to  assign  the  genus  its  true  position  in  the  mammalian  class. 
The  teeth  resemble  those  of  suilline  Ungulates,  but  I  have  never  had 
sufficient  evidence  to  permit  its  reference  to  that  group.  Allied 
genera  recently  discovered  by  me  have  been  stated  to  have  a  hog- 
like dentition,  but  that  their  position  could  not  be  determined  until 
the  structure  of  the  feet  shall  have  been  ascertained. 

In  his  recent  explorations  in  the  Wasatch  Eocene  of  Wyoming, 
Mr.  J.  L.  Wortman  was  fortunate  enough  to  discover  a  nearly  entire 
skeleton  of  a  Phenacodus  very  near  the  typical  P.  prinuBvuSy  which 
presents  all  the  characters  essential  to  a  full  determination  of  its 
place  in  the  system.  The  unexpected  result  is,  that  this  genus  must 
be  referred  to  the  order  Perissodactyla  and  the  Proboscidea,  and 
that,  with  its  allies,  it  must  form  a  special  division  of  that  order 
corresponding  in  the  tubercular  characters  of  its  teeth  with  the 
bunodont  or  suilline  division  of  the  Artiodactyla.  In  this  character, 
however,  there  is  a  closer  gradation  than  in  the  case  of  the 
Artiodactyla,  and  it  would  scarcely  be  necessary  to  create  such  a 
group  on  that  character  alone.  But  the  genus  differs  further  from 
the  Perissodactyla  and  approaches  the  Proboscidea,  in  the  fact  that 
the  astragalus  articulates  with  the  navicular  only,  and  by  a 
universally  convex  surface,  as  in  the  Camivora. 

The  astragalus  resembles  that  of  the  latter  order  very  closely,  and 
differs  from  ,that  of  Hyracotherium  and  the  nearest  forms  among  the 
Perissodactyla.  Phenaeodus  hew,  moreover,  five  well-developed  toes 
on  all  the  feet,  and  was  probably  not  entirely  plantigrade.  The  cast 
of  the  brain-case  shows  that  the  cerebral  hemispheres  were  quite 
small  and  nearly  smooth,  and  that  the  very  large  cerebellum  and 
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dlfaotory  lobes  were  entirely  unooverecl  by  them.  The  bones  of  the 
two  oarpal  rows  alternate  with  each  other,  and  there  is  a  third 
trochanter  on  the  femur.  The  cervioal  vertebras  are  opisthocoelous. 
The  systematic  position  of  the  genns  may  be  schematically  represented 
as  follows : 

Order  Pbbissodaottla.  Ungulate;  digits  of  unequal  lengths; 
carpal  bones  alternating;  a  postglenoid  process.  Astragalus  with 
proximal  trochlea,  and  without  distal  double  ginglymus. 

Suborder  Diplarthra,  Astragalus  distally  plane  or  concave  in  one 
direction,  and  uniting  with  both  navicular  and  cuboid  bones;  a 
third  trochanter  on  the  femur.     The  known  families  belonging  here. 

Suborder  Condylarthra.  Astragalus  convex  in  all  directions 
distally ;  only  uniting  with  navicular  bone ;  a  third  trochanter  on 
the  femur. 

Family  PhenacodoniidcB.  Molar  teeth  tubercular;  the  premolar 
teeth  different  from  the  molars ;  five  digits  on  all  the  feet. 

Oenera :  Fhenacodw,  Cope,  and  very  probably  Catathlaus^^ 
MiodanuB,  and  Proiogonia,^  Cope ;  and  perhaps  also  Anisonchaa, 
Cope.  These  genera  include  fitleen  species,  all  from  the  Lower 
Eocene  beds.  The  Condylarthra  are  then  the  ancestral  type  of  the 
known  Perissodactyla,  that  is,  of  the  Horses,  Tapirs,  and  Bhinoceroses, 
and  of  the  numerous  extinct  forms." 

Prof.  Cope  arrives  at  the  following  conclusions  as  to  the  measure- 
ments of  the  entire  animal  as  figured  (see  Plate  II.).  '*  The  measure- 
ments of  Phenaeodus  primavuB  show  that  this  species  was  as  large  as 
a  'Big-horn*;'  that  its  body  was  rather  longer  than  in  that  animal, 
and  its  legs  shorter  and  more  robust.  It  was  in  fact  proportioned 
more  as  in  the  common  American  Tapir,  but  was  of  smaller  size. 
The  middle  three  toes  of  both  feet  reached  the  ground,  whilst  the 
first  and  fifth  projected  laterally  and  posteriorly,  like  the  dew-claws 
of  the  Hogs.  The  tail  was  longer  and  heavier  than  that  of  any  of 
the  living  hoofed  mammals,  resembling  in  its  proportions  that  of  the 
Wolf.  The  eyes  were  small  and  the  muzzle  long,  but  was  singularly 
soft  above  and  near  the  extremity.  Whether  this  soft  part  was 
pierced  by  valvular  muscles,  as  in  the  Hippopotamus,  or  was  produced 
into  a  short  proboscis,  as  in  the  Saiga  (Antelope)  or  in  the  Tapir, 
cannot  be  certainly  ascertained,  but  there  are  indications  of  the 
insertion  of  important  cartilages,  if  not  muscles,  on  the  superior 
faces  of  the  premaxillary  bones. 

The  animal  was  probably  omnivorous  in  its  diet.  It  was  not 
furnished  with  any  weapons  of  offence  or  defence  pertaining  to  the 
osseous  system,  so  that  it  must  have  sought  refuge  in  flight.  The 
well-developed  muscular  insertion  of  its  limbs,  and  the  digitigrade 
character  of  its  step,  indicate  that  it  may  have  had  considerable 
speed." 

**  DistrtbuHon. — The  bones  of  this  species  have  been  found  wher- 
ever the  beds  of  the  Wasatch  Epoch  occur,  but  most  abundantly  in 

1  American  Naturalist,  October,  1880. 

'  Proceedings  American  Philosophical  Society,  September,  1881. 

*  Ovii  Canadmtis,  "  The  Becky  Mountain  Sheep.^* 
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Northern  Wyoming.  From  the  Wind  River  Valley  Mr.  Wortman 
brought  two  specimens,  and  ten  from  the  Big-Hom  Basin."  iop.  dU 
pp.  462-463). 

NoTB. — We  are  indebted  to  the  kindness  of  Prof.  E.  D.  Cope  for 
permission  to  reproduce  the  figure  of  Phenacodva  given  in  our  PL  II. 
— Edit.  Geol.  Mao. 


II. — An  Answer  to  "  Observations  on  Some  Impbrfeotlt  Known 
Madreporaria  from  the  Cretaceous  Formation  of  England, 
BY  R.  F.  Tomes,  Esq.,  F.G.S." 

By  Prof.  P.  MABTOf  Duncan,  F.R.S. 

I  HEARD  this  oommunioation  read  at  the  Geological  Society  in 
June  last,  and  I  made  some  remarks  upon  it  which  are  noticed 
in  the  Proceeding's  of  the  Society.  A  oonsiderahle  portion  of  the 
paper  consisted  of  criticisms  of  some  of  my  work  which  appeared 
in  the  British  Fossil  Corals  (2  ser.  Pal.  Soa  part  iL  Nos.  I  and  2, 
1869-70).  Some  specimens  were  exhibited,  in  the  author's  absence, 
which  were  presumed  to  afford  evidence  of  a  satisfactory  kind.  But 
it  was  observed  that  the  very  imperfect  and  bad  condition  of  the 
fossils  did  not  substantiate  the  author's  statements.  Many  specimens 
which  ought  to  have  been  exhibited  were  not  before  the  Society,  and 
yet  the  classificatory  position  of  some  very  rare  corals  could  then 
and  there  have  been  settled.  As  this  paper  was  not  published  by 
the  Geological  Society,  as  the  author  ignores  the  remarks  I  made  on 
the  paper,  and  as  it  appears  in  the  Geolooigal  Magazine  for 
December,  1885,  p.  541,  I  ask  a  small  space  for  a  reply. 

In  answer  to  Mr.  Tomes,  I  assert  that  Micrabacia  Fittani,  nobis 
(Pal.  Soo.  loc,  cit  p.  37,  pi.  xiv.  figs.  6,  7,  8,  9),  is  not  a  variety  of 
Cyclocyathus  Fittoni,  Edw.  and  Hairae  (Pal.  Soc.  Brit  Foss.  Corals, 
pt.  i.  p.  63,  pi.  xi.  figs.  3,  3a,  36,  1850).  Neither  is  it  that  species. 
The  species  of  M.  Fitioni  was  founded  upon  a  solitary  yet  good 
specimen,  and  the  drawings  of  it  were  good  and  from  nature.  Some 
years  after  the  description  of  the  species,  I  investigated  the  mor- 
phology of  Micrabacia  coronula,  and  the  results  were  publislied 
(Quart  Joum.  Geol.  Soa  vol.  xl.  1884,  p.  561).*  I  pointed  out  that 
there  was  reason  to  doubt  whether  Jlf.  Filtoni  was  a  true  Micrdbada  ; 
but  that  as  the  type  was  not  accessible,  I  did  not  feel  disposed  to 
remove  the  form  until  I  had  an  opportunity  of  investigating  it  anew. 
It  was,  however,  not  necessary  to  place  the  form  out  of  the  Fungida, 
to  which  section  it  belongs.  I  should  have  been  glad  to  have  seen 
another  specimen,  but  Mr.  Tomes  did  not  give  me  the  opportunity, 
and  I  am  aware  that  he  has  not  the  type.  So  it  is  now  necessary  to 
compare  the  form  I  described  with  the  species  with  which  it  is 
attempted  to  be  associated,  namely,  Cyclocyathus  Fiiionu 

Amongst  the  structural  details  of  Cyclocyathus  Fitioni^  Edw.  and 

Haime,  is  a  thin  epitheca,  and  the  oostsd  of  the  first  and  second 

cycles  are  more  prominent  than  the  others ;  these  details  are  not  seen 

in  Jlf.  Filtoni.     The  upper  or  calicular  surface   is  rather  convex 

>  Omitted  be  to  noted  by  Mr.  Tomea. 
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externally  and  concave  towards  the  centre,  and  the  fossa  is  large 
and  well  marked,  whilst  the  colamella  is  fasciculate,  broad,  and 
papillose  at  the  surface  in  Cyclocyathm ;  but  in  Micrabacia 
the  corallum  is  hemispJierical  and  there  is  no  large  fossa  in  the 
entirely  convex  calice,  and  the  small  columella  has  no  papillsd.  There 
are  pali  and  no  synapticulsd  in  Cydocyathus,  and  there  are  no  pali 
and  many  synapticulsd  in  Micrabacia, 

The  student  of  the  Madreporaria  who  will  turn  to  the  figures  of 
the  types  of  the  two  forms  in  the  Pal.  Soc.  loc  cit  will  have  no 
difficulty  in  recognizing  their  distinctness.  Cydocyathus  is  an 
aporose  coral,  and  Micrabacia  is  a  true  Fungid.  Mr.  de  Wilde 
drew  M.  Fittoni,  nobb,  from  nature. 

Smilotrochtis  insignis,  nobis  (Pal.  Soa  loc  ciL  p.  37,  pL  xiv.  fig.  18, 
1870).  This  is  stated  by  Mr.  Tomes  to  be  a  Ceratotrockus.  The 
morphology  of  Smiloirochua  and  Ceratotrockus  was  considered  in  my 
**  Revision  of  the  Genera  and  Families  of  the  Madreporaria  "  (Linn. 
Soc.  Joum.  Zool.  1884),  and  it  is  noticed  that  Ceratotrockus  is  a 
Smilotrochoid  with  a  columella.  The  columella  of  this  genus  is 
bundle-shaped  and  broad  (fasciculate),^  and  processes  arise  from  the 
inner  edges  of  the  larger  septa  and  ascend  into  it  and  add  to  its  bulk. 
The  top  of  the  columella  is  papillary  and  high  up  in  the  coral.  The 
specimen  with  a  so-called  columella  I  had  not  the  advantage  of 
seeing,  but  there  is  a  drawing  of  it  in  Mr.  Tomes's  paper  (Gbol. 
Mag.  1885,  PI.  XIV.  Fig.  6),  and  it  is  evidently  a  diagram. 
What  is  considered  to  be  the  columella  is  not  a  fasciculate  structure 
gaining  processes  from  the  septa,  nor  is  it  a  spongy  columella,  but  a 
mass  of  matrix  which  always  fills  up  the  lower  parts  of  these  corals. 
The  mass  occupies  the  axis,  and  the  rounded  top  is  artificial. 
SmUotrochus  insignis,  nobis,  is  not  a  Ceratotrockus,  and  one  of  the 
reasons  is  that  it  has  no  columella. 

Smilotroekus  granulatus,  nob.  (op,  cit,  p.  36,  pi.  xiv.  fig.  17).  This 
is  said  by  Mr.  Tomes  to  be  an  immature  Trockocyatkus  Wiltskirei, 
nobis.  I  should  have  been  glad  to  have  seen  a  specimen  of  the 
interesting  T.  Wiltskirei,  and  still  more  to  have  seen  the  proofs  that 
a  well-characterized  Smilotroekus  without  columella  and  pali  could 
become  a  form  with  those  essential  characters  in  the  growth  of  one- 
tenth  of  an  inch,  and  also  increase  from  three  to  four  cycles  in  the 
same  space.  The  height  of  the  type  T,  Wiltskirei,  nob.,  is  three- 
tenths  of  a  inch,  and  that  of  the  Smilotroekus  is  two-tenths  of  an  inch. 
The  cyclical  arrangement  and  the  nature  of  the  costsB  and  of  the 
calioe  distinguish  the  two  forms  perfectly.  There  is  no  evidence  that 
one  form  could  turn  into  another,  and  the  species  Smilotroekus  granu- 
latus,  nobis,  is  not  the  same  as  T.  WUtskirei,  nobis,  for  it  has  neither 
columella  nor  pali. 

Podoseris  mammiliformis,  nobis,  and  P.  dongata,  nobis  (Pal.  Soc. 
loc.  eit.  p.  25,  pi.  ix.  figs.  2-17).  These  species  are  stated  to  be 
species  of  Bkizangia,  Ed.  and  H.  To  disprove  this  it  would  suffice 
to  draw  attention  to  the  above-mentioned  figures  of  the  types  and  to 
the  figures  given  of  Bkizangia  by  Reuss  (Denks.  d.  Wien.  Akad.  der 
^  Not  spongy  as  Mr.  Tomes  states. 
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Wiss.  t.  vii.  p.  120,  pi.  7,  fig.  7,  8,  and  fig.  9-11 ;  also  M.  Ed.  and 
Haime,  Ann.  des  Soi  Nat  drd  ser.  t  x.  pi.  7,  fig.  7  and  8) ;  but  it  is 
as  well  to  call  attention  to  the  faot  that  perfect  specimens  of  Fodoteri* 
have  convex  and  more  or  less  hemispherical  upper  surfaces,  and  that 
their  bases  are  perforated,  whilst  there  are  synapticuUd  between  the 
septa.  The  form  is  not  a  social  one,  and  never  springs  from  stolons 
like  Bhtzangia,  which  has  a  wall,  a  flat  upper  surface  with  a  shallow 
calice,  and  is  seated  upon  a  stoloniferous  base  which  may  extend 
beyond  and  give  origin  to  others. 

The  figures  given  by  Mr.  Tomes  (7  and  8)  show  that  there  are  no 
stolons  present.  A  stolon  is  a  structure  on  which  the  bases  of  coral- 
lites  grow,  and  it  is  not  a  growth  from  the  edge  of  the  base  of  a 
corallite.  In  the  very  numerous  specimens  of  Podoseris  from  the 
Red  Chalk  whicb  the  Rev.  Mr.  Wiltshire  placed  at  my  disposal  there 
were  no  traces  of  stolons.  No  union  by  stoloniferous  growth  existed 
in  the  specimens  which  were  exhibited  by  Mr.  Tomes  at  the  GeoL 
Soa,  and  although  he  states  that  "  three  oorallitee  are  united  by  the 
stolon"  (p.  552),  it  does  not  appear  in  the  illustration  (Fig.  7),  I 
especially  drew  attention  to  the  want  of  stolons  and  such  union  in 
the  remarks  I  made  on  Mr.  Tomes's  paper  at  the  Geological  Society, 
and  my  remark  was  published  in  the  Abstract  of  Proceedings. 
Nevertheless,  Mr.  Tomes  persists  in  stating  what  he  cannot  sub- 
stantiate. 

I  draw  attention  to  Mr.  Tomes's  Fig.  10,  which  professes  to  repre- 
sent synapticul®.  On  Plate  XIV.  is  printed  "R.  F.  Tomes,  del.,"  so 
that  this  is  not  a  mistake  of  the  artist  The  figure  proves  that  its 
author  has  views  regarding  the  nature  of  synapticuUd  which  are  not 
those  of  any  other  zo^hytologist  Synapticulsd  pass  from  one 
septum  to  another.  In  Fig.  9,  synapticulsd  are  called  dissepiments. 
Figure  11  of  the  Plate  is  acknowledged  to  be  wrong,  and  should  not 
have  been  printed,  for  it  leads  to  a  mistaken  view  of  the  structures  it 
purports  to  represent.  SyzygophyllufUy  Reuss,  is  not  in  the  least 
like  a  Podoserisy  and  is  synonymous  with  Aniillia,  nobis,  a  sub- 
genus of  Circophyllia ;  it  has  no  stolons.  Podoseris  is  a  well-defined 
natural  genus  and  is  one  of  the  Fungidsd,  and  Bhizangia  is  one  of  the 
Aporosa. 

TurHnoseriSf  nobis  ("Revision  of  the  G^enera,"  p.  148).  This  genus 
is  stated  by  Mr.  Tomes  to  be  synonymous  with  LeptophyUia,  Reuss. 
They  are  distinct  for  morphological  reasons.  Prats  in  his  article 
(PalaBontographica,  1882,  p.  90)  has  shown  that  the  septa  of  Lepto- 
phylUa  are  numerous,  thin,  often  uniting  and  composed  of  vertical 
trabeculsB  with  vertical  rows  of  perforations  between  them.  It  may 
be  remarked  that  this  lattice-work  condition  is  not  the  result  of 
fossilization  or  weathering,  but  that  it  is  normal,  and  necessitates  the 
species  being  placed  with  Cydolitea  and  other  forms  in  a  special 
family  of  the  Fungidsd. 

Tvrbinoaeris  has  many  species,  and  I  have  described  them  from 
the  West  Indies  and  from  Sind,  besides  from  the  British  Cretaceous. 
In  all,  the  septa  are  solid,  and  that  is  sufficient  to  separate  the  two 
genera.     Turbinoseria  remains  a  member  of  the  Lophoserine  group 
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of  the  FnngidsB.  Turhinoseris  de  FromenteU,  nobis,  therefore  retains 
its  title,  and  Mr.  Tomes  cannot  term  it  Zeptophyllia  Anglica^  Tomes. 

Mr.  Tomes  remarks  (p.  645),  "Some  other  compound  corals  have 
been  collected  at  Haldon  which,  ftx>m  their  ansatisfaotory  condition, 
cannot  be  determined,  thongh  I  belieye  them  to  be  new.  As  the 
Haldon  corals  are  only  casts,  they  cannot  be  trusted  when  internal 
structure  is  important  The  genus  Haldonia  is  in  my  opinion  a  Tery 
doubtful  one.  Specimens  in  my  own  collection  from  Haldon  differ 
in  the  important  respect  of  sometimes  having  a  styliform  columella, 
and  sometimes  only  a  ring  of  pali,  as  in  Prof.  Duncan's  figures." 
Haldonia  was  described  and  figured  by  me  (Quart  Joum.  Geol.  Soc. 
1879,  vol.  XXXV.  p.  91),  and  like  all  the  other  forms  I  studied  was 
not  in  the  form  of  cast.  Haldonia  Vicaryi,  nobis,  was  described  from 
perfect  specimens,  and  they  had  no  columella.  Corals  of  the  same 
species,  so  far  as  my  experience  helps  me,  do  not  sometimes  have  a 
columella,  and  sometimes  not  and  only  palL  Probably  the  specimen 
seen  by  Mr.  Tomes  with  a  columella  was  the  well-known  Aetinads 
of  Haldon. 

I  draw  attention  to  the  figures  on  the  Plate  (Geol.  Mao.  1885, 
PI.  Xiy.  Figs.  14-15),  and  protest  against  species  being  determined 
from  such  fragments. 

Finally,  on  looking  at  Fig.  13,  which  is  said  to  represent  a 
PleurosmiUa,  it  will  be  noticed  that  the  columella  does  not  terminate 
by  uniting  with  one  of  the  principal  septa  which  is  more  developed 
than  the  others.  The  form  does  not  belong  to  that  genus,  but  to 
PlacosmiUa,  Ed.  and  H. 

SuMMABY,  Etc. 

Smilotroehus  insignis,  nobis,  non  Ceratotrochus  insignis. 

-  grantUatttSy  nobis,  non  Trochocyathus  Wiltshirei. 
Micrabacia  Fittoni,  nobis,  non  Oyclocyathus  Fittoni,  Ed.  and  H. 
Podoseris  mammiUformis,  nobis,  non  Rhizangia  mammiliformis, 

•    ■  elongata,  nobis,  non  BJUzangia  elongata, 
Turbinoseris  de  Fromentdi,  nobis,  non  Leptophyllia  Angliea,  Tomes. 
PleurosmiUa  neocomiensis,  E.  de  From,  fide  Tomes,  is  Placosmilia. 
Haldonia,  nobis,  has  no  columella. 
SyzygojphyUum,  Beuss,  non  Bhizangia^  Ed.  and  H. 


III. — On  the  so-oalled  "  Gault  "  op  West  Debeham,  in  Norfolk. 

By  Clbkbnt  Rbio,'  F.O.S.,  and  Obobob  Shabman. 
(Pablisbed  by  pennission  of  tbe  Director-Oeneral  of  tbe  Geological  Surrey.) 

SINCE  the  publication  of  William  Smith's  Map  of  Norfolk  in 
1819,  the  sections  around  West  Dereham  and  Shonldham  have 
been  accepted  as  proving  the  occurrence  of  true  QauU  ^  in  this  part 
of  West  Norfolk.     Messrs.  Bose,^  Fitton,*  and  later  writers,  all 


^  Tbe  Eimmeridge  Clay  is  also  locally  known  as  **  Gault." 

*  Pbil.  Mag.,  series  8,  toI.  vii.  pp.  171—182. 

*  Trans.  QeoL  8oo.,  series  2,  toL  iv.  p.  312. 
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accept  this  determination.  Mr.  Teall,^  writing  in  1873,  points  oat 
the  close  relation  of  the  fossils  from  the  **  Coprolite  Bed  "  of  West 
Dereham  to  those  of  the  **  Ammonites  mammillaris  zone  "  of  Folke- 
stone, and  correlates  the  overlying  blae  marly  clay  with  the  Gault» 
from  the  oocarrence  in  it  of  Ammonites  interruptus.^ 

However,  during  the  (Geological  Survey  of  this  neighbourhood, 
peat  difficulty  was  found  in  separating  the  so-called  "  Gault "  from 
the  Chalk  Marl,  and  after  a  minute  examination  of  the  whole  district, 
the  only  boundary-lines  which  could  be  traced  were,  a  distinct 
line  of  erosion  below  the  "  Coprolite  Bed,"  and  a  lithological  line 
where  the  hard  Chalk  rests  on  the  Chalk  Marl.  Though  close 
search  was  made  for  the  more  or  less  phosphatic  bed  which  in  many 
other  parts  of  England  marks  the  base  of  the  Chalk,  no  trace  of  it 
could  be  found,  and  the  conclusion  could  not  be  avoided,  that  the 
so-called  Oault  was  both  lithologically  and  stratigraphically  merely 
part  of  the  Chalk  Marl. 

The  new  Coprolite  Works  lately  opened  at  West  Dereham  show 
the  best  sections  of  the  Phosphate  Bed,  and  of  the  Marl  immediately 
overlying  it ;  but  the  Marl  there  is  very  thin,  being  partly  cut  out 
by  Boulder-clay.    In  October,  1883,  the  section  seen  in  the  well  was : 

Ft  in. 

!6.  Boulder-clay,  yery  chalky  7  0 
4.  Blue  Marl,  diTiiig  bluish  wMte  ...  ...  4  0 
8.  Coprolite  Bed    0    9 

v«^..^»,.«,         t   2.  Hard  loamy  nodular  Gre^nsand     2    0 

JNBOCOMIAN  ...    I    J    Eunning  Sand 

Tlie  other  parts  of  the  works  are  on  lower  ground,  and  show  less 
Boulder-clay ;  though  the  Marl  is  about  the  same  thickness,  except  in 
one  place,  where  Boulder-clay  cuts  through  it  into  the  Greensand, 
and  in  other  parts  where  the  Coprolite  Bed  approaches  the  surface. 

Taking  the  beds  in  order,  No.  1  is  undoubtedly  Neocomian, 
though  here  it  has  yielded  no  fossils.  No.  2  is  probably  also 
Neocomian,  which  has  been  slightly  disturbed,  reconstructed  during 
the  deposition  of  the  overlying  beds,  and  subsequently  hardened  by 
infiltration. 

No.  3  is  the  bed  for  which  the  deposit  is  worked.  It  consists  of 
a  mass  of  phosphatic  nodules  in  a  greenish  loamy  or  sandy  matrix, 
partly  derived  from  the  underlying  Neocomian  Beds.  Mixed  with 
and  occasionally  imbedded  in  the  nodules  are  numerous  fossils. 
These  fossils  seem  to  be  mainly  derivative,  for  though  most  of  them, 
as  Mr.  Teall  has  pointed  out,  belong  to  the  zone  of  Ammonites 
mammiUaris,  there  is  apparently  also  an  occasional  admixture  of 
older  and  newer  forms,  including  some  species,  such  as  Dentalium 
eUipticum,  probably  belonging  to  the  Qault 

The  "Coprolite"  occurs  in  this  bed  in  two  forms.  The  more 
abundant  is  a  poor  sandy  phosphate  in  irregular  nodules,  which  may 
have  been  partly  formed  in  the  bed  itself.  These  seldom  contain 
fossils.  The  associated  mollusca  are  generally  either  loose  casts,  or 
are  imbedded  in  a  sandy  matrix  which  has  not  been  phosphatized, 

1  The  Potton  and  Wicken  Phosphatio  Deposits,  8vo.  pp.  20,  21. 

>  See  also  Keeping's  Neocomian  Deposits  of  Upware,  etc.,  8vo.  pp.  11,  54. 
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tbongh  the  shells  themselves  are  usually  coated  internally  with  a 
smooth-grained  hlack  phosphate.  Unfortunately,  in  so  coarse  a  bed 
there  is  not  much  chance  of  finding  the  contemporaneous  fauna 
preserved,  and  as  nearly  all  the  collecting  has  been  done  after  the 
material  has  been  roughly  washed  by  machinery,  any  con« 
temporaneous  shells  have  probably  been  entirely  destroyed. 
Collecting  small  fossils  before  the  bed  is  washed  is  also  very  difficult, 
for  it  is  impossible  to  see  any,  and  the  phosphate  bed  is  not  left  to 
the  action  of  the  rain,  but  is  immediately  carted  away. 

Leaving,  therefore,  the  Phosphate  Bed,  which,  though  strati- 
graphically  merely  the  basement-bed  of  the  overlying  Marl,  cannot 
yet  be  proved  to  be  so  by  evidence  of  the  fossils,  the  undoubtedly 
contemporaneous  shells  of  the  underlying  3  or  4  feet  of  Marl  (No.  4 
of  the  section)  were  carefully  collected  and  examined.  The  result 
showed,  that  while  at  first  sight  there  was  abundance  of  evidence  for 
the  correlation  of  the  Marl  with  the  Gault,  yet  closer  examination 
proved  the  Oault  fossils  to  be  derived,  and  the  contemporaneous 
fauna  to  belong  to  the  Chalk  Marl. 

The  following  is  a  complete  list  of  the  fossils  obtained  in  the  Marl 
at  West  Dereham  Coprolite  Works — nearly  all  of  them  were  found 
within  two  feet  of  the  Coprolite  Bed : — 


P^ntaerinut^  sp. 
F8€udodiadttnat  spine. 

S^rpula,  sp. 

Tgrtiraiuia  biplieata,  Sow. 
Ehynekonellaf  sp. 

Anomia^  sp. 

£xcgyra  htUiotoidea,  Sow. 

(htrea  aeutiroitrit,  Nilss. 

vttieularis,  Lam. 

PlieatuU^  sp. 

Pecten  orbieulariSf  Sow. 

guinquecottatuif  Sow. 

Inoeeramus,  sp. 
Limay  sp. 


Nuatla  peetinaUtt  Sow.  (cast). 
Pholadidaa  ?  in  wood. 

Denialium  elliptieum,  Sow.  (casts). 
Ammonitsi  intemipius,  Briig.  (casts). 

Belemnitea  attenuatus,  Sow. 

mmimut  ?  List. 

uUimus,  D'Orb. 

MamiU$y  sp.  (cast). 

BeryXy  sp.  (in  light-colonred  pbos- 

pbato). 
Oymolichihyt  f     (Saurocephalus) 

itriatut,  Ag. 
Odonta^pit  ffraeiliSf  P.  &  C. 
Pyenodtu,  sp. 


Of  these  the  most  conspicuous  and  easily  found,  except  the  Belem- 
niUBy  is  AmmoniteB  tnterruptus,  which  is  a  characteristic  Oault  form. 
But  this  species,  and  also  Hamites,  Dentalium  eUipticumt  NuctJa 
pectinata,  Pholadidcea,  and  the  fish  are  all  phosphatized,  and  usually 
rolled.  They  are  probably  derived  from  the  Oault.  The  rest  are 
white  and  unphosphatized,  and  are  all  known  from  the  Lower  Chalk 
of  other  districts.  Two,  Ostrea  vesieulariB  and  0.  acutiroalria,  have 
not  been  discovered  below  the  Chalk. 

Around  West  Dereham  numerous  trial-holes  have  lately  been 
made  to  prove  the  Coprolite  Bed,  and  most  of  these  were  still  open 
while  the  Survey  was  in  progress.  Unfortunately,  none  of  them 
show  more  than  from  two  to  four  feet  of  the  overlying  Marl,  nor  do 
the  old  works  appear  to  have  exposed  any  deeper  section.  Every- 
where Belemnitea  attenuatus,  B,  ultimus,  and  B,  mtnimus  ?,  are  abundant, 
and  associated  with  them  is  often  found  the  phosphatized  AmmoniteB 
intenruptuB. 
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To  obtain  the  foBsils  of  the  Marl  UDmixed  with  deriTative  forms, 
an  old  pit  at  Muzzle,  about  a  mile  W.N.W.  of  West  Dereham,  was 
searched.  This  locality  has  been  mentioned  by  seTcral  writers  as 
showing  a  typical  exposure  of  Qault,  and  it  is  interesting  to  find 
that  not  a  single  characteristic  Ghtult  form  occurred,  but  that  there 
were  several  species  which  have  not  been  recorded  from  below  the 
Lower  Chalk. 

The  section,  which  is  very  good,  though  the  pit  is  now  seldom 
worked,  shows  a  nearly  vertical  face  of  obscurely  bedded  blue  marl 
with  small  black  phosphatic  concretions.  Belemnites  are  scattered 
promiscuously  throughout  Several  years  ago  a  trial  was  made  in 
this  pit  for  the  '  Ooprolite  Bed,'  and  it  was  reached  three  feet  below 
the  floor ;  but  only  a  few  nodules  were  found,  and  the  bed  was  too 
thin  to  work.  This  section,  therefore,  is  an  upward  continuation  of  the 
one  at  the  new  Coprolite  Works,  but  the  lower  three  feet  of  Marl  being 
unworked,  there  is  no  complication  from  derived  fossils.  The 
following  species  were  obtained,  but  no  doubt  longer  search  would 
soon  add  to  the  number : — 


Penta^HuSj  2  sp. 
I^eudodiadema,  sp. 

Serpukif  sp. 

Kingena  lima^  Defr. 
Terebraitdina  graciiUy  Sohlot. 
— — — — — ^  gp. 


PUeatuUt,  sp. 
Jnoeeramut^  sp. 

Ammonit$i  (fragment). 
Behnnit€9  aitenuaim^  Sow. 

minimus?  List. 

ultimus,  D'Orb. 

Fish  vertebra. 


Ottrea  vencularit,  Lam. 

All  of  these  occur  in  the  Chalk  or  Chalk  Marl,  and  the  same  three 
Belemnites  are  found  in  the  Bed  Chalk  of  Hunstanton,  which  has 
lately  been  shown  probably  to  belong  to  the  Lower  Chalk.'  Thus  it 
seems  that  the  so-called  Qault  of  West  Dereham  all  really  belongs  to 
the  Chalk  Marl,  and  in  this  part  of  Norfolk  the  Gault  is  only 
represented  by  its  derivative  fossils  in  the  basement  bed  of  the 
Chalk.  This  greatly  simplifies  the  geology,  as,  instead  of  two 
unconformities  close  together,  there  is  only  one,  the  Chalk  Marl 
having  cut  through  the  Gault,  and  having  cut  also  a  considerable 
depth  into  the  underlying  Neocomian. 

There  is  a  long  dip-slope  near  West  Dereham,  which  keeps  the 
Coprolite  Bed  conveniently  near  the  surface  over  more  than  a 
square  mile.  But  the  uncertainty  of  the  dip  renders  it  very  difficult 
to  estimate  the  thickness  of  the  Chalk  Marl,  which  may  be  only 
20  feet  or  over  50  feet  Unfortunately,  the  bed  can  only  be  traced 
for  a  short  distance.  East  of  the  Fenland  it  first  rises  above  the 
marsh-level  at  Wretton,  and  extends  about  three  miles  to  the 
north-west,  to  Crimplesham,  with  an  outlier  capping  the  hill 
at  Muzzle. 

At  Crimplesham  it  is  lost  beneath  the  Boulder-day  for  about 
three  miles,  but  reappears  south  of  Shouldham  as  a  bluish  marly 
Clay  full  of  Belemnites  attenuatus,  B.  minimus?  and  FlicatulcL.     In 

1  See  VThitoker,  Presidential  Address  to  the  Norwich  Geol.  Soo.  1882,  Proc.  Nor. 
Geol.  Soo.  vol.  i.  pp.  207-236. 
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litbologioal  obaracter  and  fossils  it  is  exaotly  like  the  Marl  of  West 
Dereham,  bnt  the  Coprolite  Bed,  though  searched  for,  could  not  be 
found.  Only  one  section,  in  a  deep  ditch,  could  be  examined ;  bnt 
the  width  of  the  outcrop  shows  that  the  Marl  cannot  be  mudi  less 
than  20  feet  in  thickness,  though  apparently  thinner  than  at  West 
Dereham. 

IY.^Thb  Lowsb  Lias  ov  Lbiosstkbshtbb. 
By  fl.  E.  QuiLTBR. 

THE  Lower  Lias  in  Leicestershire  commences  with  clays  and 
limestones  (Strensham  Series),  succeeded  by  clays  and  shales. 
In  its  palaoontological  characters,  as  well  as  in  its  petrologioal 
features,  it  agrees  in  the  main  with  the  Lias  of  contiguous  districts. 

The  following  life-zones  are  apparently  represented,  viz.  zones 
of  Afwrnonites  planorhis,  angulatm,  Buehlandi,  senUcoatatus,  oxynottu, 
armaim,  Jamesoni  and  caprieomus. 

The  junction  of  the  Rhaetic  beds  and  the  Lower  Lias  may  be  seen 
at  Wigston,  near  Leicester ;  this  section  has  been  fully  described.' 
In  the  day-pits  at  this  place  may  be  seen,  resting  upon  Rhaotio 
shales,  about  9  feet  of  limestones  and  shales,  containing  a  Liassio 
fauna. 

A  boring  for  Cloal  in  1883  at  Grown  Hill,  near  Leicester,  after 
passing  through  Lower  Lias  limestones  and  shales,  penetrated  26  ft. 
of  Rbcetic  shales  before  reaching  the  Eeuper. 

Nowhere  in  the  county,  so  far  as  I  am  at  present  aware,  is  the 
true  relationship  between  the  Lower  and  Middle  Lias  clays  shown. 
The  palsdontological  evidence  of  other  exposures,  however,  favours  the 
view  adopted  by  the  Geological  Survey,'  that  the  uppermost  beds  of 
the  Lower  Lias  are  those  of  the  zone  of  Am,  caprieomus.^ 

Zone  of  A.  planorbis. 
The  limestones  and  clays  of  this  zone  (the  Fish,  Insect,  and 
Reptilian  beds)  are  well  exposed  at  Barrow-on-Soar,  where  they  are 
shown  to  a  thickness  of  25  feet.  The  9  feet  of  limestone  and  shales 
resting  upon  Rhsdtics  at  Wigston  are  the  lowest  portion  of  this 
zone. 

(?)  Zone  of  A.  angtdatus. 

A  bed  of  pyritous  shale,  nearly  18  feet  thick,  containing  ^g. 
catenatumj  overlying  the  beds  of  the  Planorbis  zone  at  Ban-ow-on- 
Soar,  has  been  referred  to  as  the  representative  of  the  zone  of 
A,  angulaius.  The  railway  cutting  on  the  Uppingham  Road,  near 
Leicester,  exposed  about  12  feet  of  blue  pyritous  shale,  also  con- 
taining JEg.  catenatum. 

Three  or  four  feet  of  blue  clays  exposed  in  brickyards  at  Bottes- 
ford  are  supposed  to  belong  to  this  zone.  With  this  exception, 
there  does  not  appear  to  be  any  exposure  of  the  beds  of  this  zone. 
The  position  of  the  thick  pyritous  clays  will  be  referred  to  in 
general  conclusions. 

1  Gbol.  Mao.  Sept.  1S84,  p.  415. 

«  Mem.  Geol.  Survey.  Geol.  of  Rutland,  etc.  J.  W.  Judd. 

*  This  Ammonite  waa  formerly  considered  to  mark  the  Middle  liai  (but  lee  p.  Sd)» 
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Zone  of  A,  Bucldandi, 

The  beds  of  limestone  and  clay  belonging  to  this  zone  are  well 
exposed  in  the  district  The  chief  sections  being  at  Grown  Hill, 
near  Leicester,  where  nearly  50  feet  of  limestone  and  clay  are  ex- 
posed, and  at  Eilby  Bridge,  where  about  36  feet  of  the  same  were 
shown.  Exposures  of  a  higher  series  of  beds  in  this  zone  are  given 
in  a  brickyard  by  the  canal  side,  near  Great  Glenn  Bailway  Station, 
showing  14  feet  of  dark-blue  pyritous  shales,  with  limestone  nodules, 
full  of  fossils.  At  the  time  of  writing,  brickyards  at  Fleckney  show 
from  three  to  four  feet  of  these  clays. 

During  the  excavations  for  the  Great  Northern  Railway  from 
Leicester  to  Tilton,  about  12  feet  of  blue  pyritous  clays  were  cut 
through  at  the  entrance  of  Ingarsby  Tunnel. 

Zone  of  A.  aemicoataiuB. 

This  zone  is  not  now  so  well  exposed  in  the  Yale  of  Belvoir  as 
during  the  G^l.  Survey  in  1874-.  When  fully  exposed,  it  was  seen 
to  be  a  thick  hard  band  of  ferruginous  limestone.  It  is  fossiliferous, 
but  the  present  scarcity  of  exposures  prevents  any  investigation.' 

Prof.  J.  W.  Judd,  F.B.S.,  in  his  Memoir  gives  a  list  of  fossils. 

Zone  of  A.  oxynoius. 
The  shales  of  this  zone  could  formerly  be  examined  remarkably 
well  at  a  tunnel  between  Grimston  and  Old  Dalby,  on  the  Notts  and 
Melton  Branch  Bailway.  The  section  is  now  unfortunately  covered 
up,  but  the  heaps  of  dibria  on  the  top  of  the  tunnel  show  thinly 
laminated  blue  shales,  with  ferruginous  and  limestone  nodules,  and 
shelly  bands  of  limestone.  The  shales  when  weathered  are,  in 
places,  richly  fossiliferous,  and  judging  from  their  present  position 
on  the  shale  heaps,  there  would  appear  to  be  a  regular  disposition  of 
the  fossils  in  bands  or  levels  in  the  section,  species  of  fossils  being 
confined  to  one  place  or  heap  in  the  ddhria. 

These  shales  with  characteristic  fossils  are  also  exposed  in  a 
brickyard  between  Houghton  and  BiUesdon.  The  section  there 
shows  about  six  feet  of  blue  laminated  shales,  with  pyritous  bands, 
and  scattered  ironstone  nodules,  which  are  more  numerous  towards 
the  top  of  the  section. 

Zone  of  A.  armalus. 

The  beds  of  this  zone  are  well  exposed  at  Loseby  brickyard  and  in 
the  railway  cuttings  at  Loseby  Station. 

The  sections  at  both  localities  show  about  26  feet  of  blue  laminated 
shales,  with  numerous  ironstone  nodules,  and  a  sandy  indurated 
rock-bed  about  one  foot  thick  near  the  base. 

A  similar  section  showing  about  20  feet  of  shales  with  limestone 
and  ironstone  nodules,  which  appear  to  be  in  beds  of  this  zone,  is 
exposed  at  Loseby  brickyard. 

Zone  of  A.  Jamesoni, 

So  far  as  I  am  aware,  there  are  no  good  exposures  of  the  beds  of 
dark  blue  days  with  septaria  of  this  zone.  They  appear  to  be 
exposed  in  the  brickyard  at  Woolsthorpe.     During  drainage  opera- 
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tions  near  Woolsthorpe  (Augast,  1884),  about  three  fi^t  of  these 
clays  were  shown.  Prof.  Judd  mentions  exposures  in  the  banks  of 
the  River  Eye. 

Zone  of  A,  caprtcomus. 

The  beds  of  this  zone  were  well  exposed  in  a  field  dug  for  ballast 
during  the  reoent  alterations  in  the  railway  near  Market  Harborough. 
Six  feet  of  blue  shales  with  abundance  of  hard  limestone  nodules 
containing  fossils  were  shown.  Above  these  were  seven  feet  of 
thickly  laminated  blue  pyritous  shales,  containing  ironstone  nodules, 
and  quite  unfossiliferous.  A  small  section  of  these  latter  beds  is  to 
be  seen  in  a  brickyard  at  the  foot  of  the  hill  near  Meville  Holt 
TABLE  OP  FOSSILS. 

ShOWDTO  THEI&  RaNOB  THROUGH   THB  ZoiTSS. 


SPECIES. 


Fiitiotaunta  megaeephalua 

Jekthi/OBaurm  eommuniSf  Conyb. . 

tinuirostrUf  Conyb 

mtfrmediusy  Conyb 

plaiyodoHy  Conyb 


fSanrian  remains)  , 

j)aped%U9  orbi$   

BeUntostomm  aeutuSy  Agass. 
Fkolidophorui  BattinffsuB.., 

— —  Strieklandi    

•  Egertoni., 


Zeptolepis  $pratti/ormis  (?)  

(Fbh  remainB)  

.£gooera9  plancrbUf  Sow 

Johnstoni^  Sow 

tortiliay  D'Orb 

eattnatum^  Sow 

angttlatum,  Schloth 

Charmatssif  D'Orb 

polymorphum^  Qaenst. . 

Jamewoniy  Sow 

Tayhrif  Sow 

Valdani,  D'Orb 

Henleyiy  Sow 

•  curvieomum,  Schloth. , 


armatum^  Sow.. 

ttriaiumf  Rencke , 

brevupinumy  Sow.   ... 

— —  caprieomumy  Schloth. 

gagateum^  Y.  &  B.  ... 

Arietitet  Buehlandiy  Sow 

Sameanus,  D*Orb 

obesulusj  Blake 

Conyheari,  Sow 

teipumianuiy  D*Orb.... 

■  »emiefi»iatu*y  Y.  &  B. 

■  ophioidsM,  D'Orb 


ZONB   OF 
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ZOKS  OF 

SPECTES. 
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ZOWB  OF 

SPECIES. 
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Avicula  (JHonotu)  eygnipn,  Y.  &  B 

iVnia  infraliastica,  Quen 

Iuo0tramui  vmtrieotuM^  Sow 

Finnafalmm,  Y.  &  B 

UBvi$,  Sow 

Jfuemia  variabilia,  Quen 

L$dagai€thM,  D'Orb 

Cardinia  ZUteri,  Sow 

hybrids,  Sow 

Cypricardia  euceulata^  Miin 

Frotoeardium  Fhillipianum,  Dank. 

IT/tiMr^tim  Mr<^tot^,  Phill 

Fholadomya  glabra,  A^^ 

r#*i^rt«wa,  Agaas 

Oonumya  hybridan  Miinst 

Flemromya  »ti  iatuia 

unionide$,  Rom 

— —  fin 

Arenmya  vetusta,  Phil 

Spiriferina  WaUotti,  Sow 

fWTKftwa,  V.  Buch 

Terebratula  punetaia  (?),  Sow 

WmldJuimia  numUmali*,  Lam.    ..» 

RhynchoniUla  plicatitnmay  Quen 

Utrahedra,  Sow 

BupreatU  (Elytron  of),  Brodie 

JAb^lMa  (Wing  of),  Brodie 

■                 sp 

Serpula  capitata,  Plull ] '. 

X 
X 
X 
X 

Cidarit  Edwardsii,  Wrt 

Stmipedina  Tometii,  Wrt 

Bmiaerinua  ptiUmcti,  Quen.    

robutiui,  Wrt 

MontUvaltia  GuettardLBltdn 

mueronata.  Dune. 

Ztptdophyllia  Sebridtntiiy  Dtm 
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Jionionitta. 

Fianularia. 

Frondicuiaria, 

Textularia. 

Involutina. 

Jkntaiina. 

Lingulina, 

Critteilaria, 

FulvmuUna, 

Orbulinu. 

64  ff,  JS.  Quilier — ITie  Lower  Lias  of  Leicestershire. 

Mr.  E.  Wilson,  F.G.S.,  who  has  rendered  me  great  assistance  in  the 
above  list,  also  informs  me  that  he  detected  Foraminifera  in  several 
of  the  Lower  Lias  clays  of  the  district ;  in  particular  from  the  A, 
oxynotus  shales  at  the  Tunnel  near  to  Old  Dalby  Station,  from 
whence  he  has  obtained  no  less  than  thirty  forms,  the  following 
genera  being  represented : — 

Nodosaria, 
MarginuUna, 
Oomuspira. 
MUiola. 

Qeneral  Conclusions. 

Considering  the  few  and  comparatively  unimportant  exposures  of 
these  rocks  in  Leicestershire,  and  the  consequent  difficulty  of  ob- 
taining a  complete  series  of  fossils,  a  classification  of  the  beds  into 
life-zones  would  seem  hardly  feasible.  Sufficient  has  been  done, 
however,  to  make  the  case  good.  Nevertheless,  it  would  be  prema- 
ture at  present  to  make  any  deductions  with  regard  to  the  passage 
of  important  species  from  one  zone  to  another. 

The  apparent  non-development  of  the  zone  of  A.  angvlafus,  and 
the  intercalation  of  the  zone  of  A.  semicoatalusy  with  the  zones  of  A, 
Bucklandi  and  A,  oxynotus,  may  perhaps  be  made  the  subject  of 
remark.  That  the  beds  of  the  zone  of  A.  angulatus  are  present  is 
highly  probable. 

Mr.  J.  D.  Paul,  F.6.S.,  inform^  me  that  186  feet  of  Lower  Lias 
limestones  and  clay  were  passed  through  in  the  boring  at  Crown 
Hill,  near  Leicester.  Deducting  from  this,  say  40  feet,  for  the 
maximum  thickness  of  the  beds  belonging  to  the  zone  of  A.planorhis, 
and  60  feet  for  the  thickness  of  the  lower  beds  of  the  zone 
of  A,  Bucldandiy  which  are,  as  already  mentioned,  exposed  here, 
about  86  feet  of  the  beds  passed  through  in  the  boring  remain  to  be 
accounted  for. 

As  bearing  on  this  point,  I  would  here  note  the  similarity  of  the 
sections  at  Kilby  Bridge  and  Crown  Hill,  and  the  occurrence  of  ^g, 
angulatus  in  the  lower  beds  of  these  exposures,  showing  that  these 
beds  are  not  far  from  the  junction  of  the  zones  of  A.  angulatus  and 
A,  Bucklandi, 

The  86  feet,  or  thereabouts,  remaining  to  be  accounted  for,  may 
reasonably  be  assigned  to  the  zone  of  A,  angulatus.  The  thick  bed 
of  clay  exposed  at  Barrow-on-Soar,  and  in  the  railway  cutting  on 
the  Uppingham  Road,  near  Leicester,  has  also  been  thought  to  repre- 
sent the  zone  of  A,  angulatus ;  but  if  my  supposition  be  correct,  this 
is  not  so. 

The  fauna  of  this  bed  is  so  scanty,  containing  only  yEg,  catenatum, 
Lima  gigantea,  and  Oryphea  arcuata  (the  two  latter  being  dwarf 
forms),  that  we  can  learn  nothing  from  it ;  but  the  occurrence  of  JEg. 
catenatum  in  this  bed  only  is  peculiar  and  interesting,  .^g,  catenatum 
appears  to  be  an  evolutionary  form  between  .^g,  planorhis  or  u^, 
JohnBtoni  and  ^g,  angulatum. 

From  this,  I  assume  this  thick  bed  of  clay  to  be  a  bed  containing 
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a  transition  fanna  between  the  zones  of  A,  planorhis  and  A.  angviatus, 
not  so  well  developed  perhaps  in  other  districts. 

Under  these  cironmstances,  should  the  zone  of  A.  angulatus  be 
eventaally  exposed,  and  with  more  exposures,  an  assemblage  of 
fossils  be  found  in  the  clays  containing  .Mg,  catenatum^  then  those 
days  should  be  placed  in  the  position  of  a  subzone — the  subzone  of 
A,  catenatum.  For  the  present,  however,  it  might  be  termed  the 
''  Oatenatus  bed,"  and  separated  on  those  grounds  from  the  zones  of 
A,  planorhis  below  and  A.  angulatus  above. 

The  occurrence  of  the  interesting  zone  of  A,  semicostatus  is  an 
example  of  the  fluctuations  of  the  zones  of  the  Lias  formation  in 
districts  or  areas,  and  how  species  perhaps  only  of  secondary  import- 
ance in  one  zone,  under  certain  conditions  of  environment  may  be 
of  capital  importance  in  another. 

I  have  to  acknowledge  the  assistance  of  Prof.  Blake,  of  Notting- 
ham, who  has  kindly  determined  many  of  the  fossils  for  me,  and  also 
that  of  Mr.  E.  F.  Bates,  of  Leicester. 


v.— NOTB    ON    THE    FoEM    OF    THB    TTnEBODSD    SuBFAOE    OF    BoOK 
XJNDERNSATH   A   TaLUS. 

By  Chableb  Dayibon,  M.A.  ; 
Mathematical  Master  at  King  Edward's  School,  Birmingham. 

IN  the  case  of  a  vertical  cliff,  Mr.  Fisher  has  shown  that  the 
uneroded  surface  of  rock  underneath  a  talus  is  in  the  form  of 
a  semi-parabola.^  The  object  of  this  note  is  to  show  that  the  form 
is  parabolic,  even  if  the  cliff  be  not  initially  vertical,  assuming,  with 
Mr.  Fisher,  (1)  that  the  cliff-face  is  weathered  uniformly  at  all 
points,  and  (2)  that  the  disintegrated  matenal  is  spread  evenly  over 
the  surface  of  the  talus,  so  as  to  maintain  it  always  at  the  same 
slope.  The  proposition  may  be  proved  analytically,  as  in  Mr. 
Fisher's  paper,  or  geometrically  as  follows. 
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>  Eer.  O.  Fisher,  "  On  the  Disintegration  of  a  Chalk  Cliflf,"  Gbol.  Mag.  (1866), 
ToL  III.  pp.  364-356. 
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Let  AB^  the  original  face  of  the  cliff,  be  inclined  at  an  angle 
a  to  the  horizon.  In  any  given  interval  of  time,  snppose  the  layer 
ABfitti  to  be  worn  from  the  face  of  the  cliff,  and  the  material 
spr^  at  the  foot  of  the  cliff  as  ai  hi  Ci,  the  surface  &i  Ci  being  plane 
and  inclined  to  the  horizon  at  an  angle  fi.  hetAB^h,  Aai'^Xu 
a,  6i=y, . 

Now,  the  parallelogram  ABfiGi  is  equal  to  a  rectangle  whose 
base  is  Aoi  and  height  h  sin  a, 

/•  area  A  Bfi  ai^^hxi .  sin  a, 
and  triangle  aj  &i  Ci«=^  Ui  Ci,  Gi  hi ,  sin  a, 

-      ,     sin  (a— /3)       -      . 
sin  y3. 
sin  (a-/^)sina. 

.       ,     2^sin/g 

sm  (a— /3) 

During  a  second  interval,  equal  to  the  first,  let  another  layer  of 
the  same  thickness  be  worn  from  the  face  of  the  cliff  hifu  and  be 
deposited  over  the  dihrts  at  the  base,  and  inclined  at  the  same  angle 
fi  to  the  horizon,  so  as  to  raise  the  surface  of  the  talus  to  5,  c,.  Let 
a|6|»yi,  and  Aa^'^z^^2xi, 

Now,  area/i  hi  h^ft'^  (^— yO  Xi .  sin  a, 
and  area  CiC^h^hi^a^ h^ c^ — ai hi Cj — ai hi h^ a^, 

-      ,  sin  (a— 6)  sin  a     ,      ,  sin  (a— j8)  sin  a 

"*  y^' — ~~^ *  y^' — '"^ y^*»  ^"^  " 

sm  p  sm  p 

.    -     ,  sin  (a— /3)     ,      ,  •     .sin  (a— ^)    ^  , 
sm  ^  sm  /3 

.     ^  ,         sin  ^  ^  -         sin  i3 

^'  sin  (a-/3)  sin  (a-/3)   ^ 

Proceeding  in  this  way,  we  see  that  after  n  layers  have  been 
worn  away,  we  have 

sm  (a— /3) 

Now,  let  each  interval  of  time  be  supposed  very  small ;  then  the 
layer  disintegrated  during  each  interval  is  very  thin,  and  the  form 
of  the  rock  under  the  talus  is  a  curve  which  has  the  property 

sm  (a— /3) 

and  is  therefore  part  of  a  parabola  whose  axis  is  horizontal.  The 
initial  face  of  the  cliff  is  a  tangent  to  the  curve  at  A,  and  the  final 
surface  of  the  talus,  when  it  reaches  the  top  of  the  cliff  at  Q,  is 
a  tangent  to  the  curve  at  that  point. 
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VI. — The  Succession  of  the  Later  Tertiabies  in  Great  Britain. 
By  Alpbbd  Bull. 

THOSE  interested  in  the  geology  of  the  Upper  Tertiaries  must 
have  noticed  the  divergence  in  the  views  entertained  by  different 
writers  as  to  the  succession  of  the  various  strata  of  which  they  are 
composed.  Sundry  causes  may  be  assigned  for  this,  such  as  the 
disposition  in  some  quarters  to  regard  the  ''  lapse  of  time  occupied  in 
the  accumulation  of  even  our  later  Tertiary  deposits "  ''  as  repre- 
senting but  a  very  brief  chapter  in  geological  history/'^  or  the 
massing  of  the  several  groups  of  strata  in  bulk,  or  putting  aside  as 
of  little  value  the  organic  evidence  they  contain,  which,  even  where 
this  is  appealed  to,  is  too  narrowly  treated,  as  where  one  author — 
a  specialist  in  his  own  branch  —  asks,  ''  Gould  the  more  modem 
Tertiaries  be  classed  by  their  Invertebrata  ?  " 

Not  alone  perhaps ;  but  if  all  kinds  of  life  are  studied  in  corre- 
spondence with  their  surroundings,  a  natural  sequence  can  be  traced 
throughout  their  entire  history. 

Astronomical  speculations  as  to  the  time  when  the  Glacial  epoch 
commenced  or  terminated,  and  the  attempts  thereby  to  determine 
the  existence  of  Man  upon  the  Earth,  may  be  set  aside  as  of  little 
value  at  present;  as  Mr.  Prestwich  happily  puts  it,  ''the  difficulties 
arising  from  astronomical  theories  are  that  they  differ  so  much  among 
themselves."* 

A  fair  inference  as  to  the  time  required  may  be  drawn  from  the 
fossils.  My  lists  give  of  the  Eocene  about  2500,  and  of  the  later 
Tertiaries  above  3000  species,  hardly  any  being  in  common. 

In  the  following  notes  I  have  assumed  that  the  constituents  of  the 
different  deposits  and  their  fossils  are  pretty  well  known  to  geologists, 
and  I  have  therefore  not  attempted  to  locate  every  known  bed,  but  to 
indicate  the  lines  on  which  their  classification  is  possible.  A  com- 
parison betwixt  that  which  I  have  here  attempted  and  that  adopted 
by  Mr.  J.  Geikie  will,  I  may  say  at  once,  indicate  how  widely 
divergent  our  respective  views  are.  I  take  his  as  a  standard  of  com- 
pcu'ison  as  being  the  most  extensive  one  brought  forward  hitherto. 

I  am  probably  biassed,  but  I  cannot  see  any  evidence  in  favour 
either  of  the  numerous  mutations  of  the  surface,  or  alternate  pro- 
cession of  the  Northern  and  Southern  Mammalia  suggested  in  the 
"  Great  Ice  Age,"  or  that  Britain  was  ever  otherwise  than  Continental 
from  the  close  of  the  Middle  Red  Crag  age  to  that  of  the  minor 
glaciation,  about  which  time  I  consider  it  ceased  to  be  so. 

It  may  be  laid  down  as  a  general  rule  that  the  fauna  and  flora 
march  with  the  climate,  t.e.  cold  with  cold  or  the  contrary,  and  that 
if  by  any  possibility  the  temperature  of  any  period  can  be  ascertained, 
a  corresponding  organic  life  existed,  circumstances  being  favourable 
thereto. 

Of  the  preglaoial  deposits  the  admirable  memoirs  by  Messrs. 
Clement  Reid  and  E.  T.  Newton  leave  little  to  be  said.  I  may, 
however,  remark  that  the  evidence  of  the  Forest  Bed  being  overlapped 

^  Dr.  H.  Woodward,  On  Rhytma  ^igat* 
*  Quart.  Joum.  GeoL  Soc.  vol.  xxni.  p.  233. 
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by  the  Bure  Valley  Beds  is  not  so  satisfactory  as  might  be  desired. 
I  am  more  disposed  to  agree  with  Mr.  H.  B.  Woodward  in  placing 
these  marine  beds  on  the  same  level  as  the  Wey bourne  Sands,  and  as 
constituting  the  very  upper  part  of  the  newer  Pliocenes,  since  I  find 
that,  with  the  exception  of  TelUna  balthica,^  all  the  mollusca  of  these 
beds  are  found  in  the  Butley  Crags. 

The  Quaternary,  if  not  a  very  sound  division  of  the  Tertiary, 
is  at  least  a  very  convenient  one,  and  it  is  with  the  **  Forest  Bed  " 
rather  than  the  preceding  Passage  beds  that  it  may  be  said  to  com- 
mence. 

Mr.  H.  B.  Woodward  takes  the  view  that  the  lapse  of  time  between 
the  Newer  Crag  and  the  Forest  Bed  may  be  inconsiderable ;  but 
there  is  not  only  the  disappearance  of  the  Mastodon  to  be  accounted 
for,  but  the  variation  in  the  Mammalia  as  a  whole ;  since,  leaving 
out  nine  species  in  the  Norwich  Crags  still  existing,  only  four  pass 
up  to  the  Forest-bed,  where  at  least  40  others  occur  for  the  first 
time.  (Is  there  any  confirmatory  evidence  of  the  existence  of 
Mastodon  in  the  later  Thames  gravel  as  recorded  by  Mr.  Whitaker  ? 
Mem.  Geol.  Survey.) 

The  fiuviatile  mollusca,  except  for  Lithoglyphus,^  does  not  offer 
much  for  comment.  The  splitting  up  of  the  very  minute  Hydrobia 
by  Sandberger  into  60  many  new  species  and  a  new  genus  will  not 
commend  itself  to  Conchologists  generally. 

Will  Mr.  Beid  allow  me  to  set  one  of  his  quotations  right?  I  am 
represented  as  saying  (Mem.  Country  around  Croiner,  p.  74)  that 
Mr.  Prestwich's  Unio  margaritifera  in  reality  is  Unio  littoralis.  If 
he  will  turn  to  the  Geol.  Mag.  Vol.  IX.  1872,  p.  214,  he  will  find 
I  said  nothing  of  the  hind,  hut  that  it  was  an  Anodon,  as  he  himself 
assigns  it  The  specimen  referred  to  is  in  the  Norwich  Museum. 
Again,  on  what  grounds  does  he  transfer  the  Limax  agresiis  of  my 
Forest  Bed  list  to  L.  modioliformisf  The  Forest  Bed  Mollusca  I 
collected  myself.    Silpha  dispar  may  be  also  added  to  the  Coleoptera. 

Inasmuch  as  Mr.  Newton  has  rehabilitated  in  the  Forest  Bed 
Byatna  spelaa  after  having  once  rejected  it,  I  hope  he  will  be  able 
also  to  replace  the  other  species  he  has  excised  from  the  Forest  Bed 
list  compiled  by  my  brother  and  myself. 

Between  the  temperate  Forest  Bed  flora  and  the  intensely  Arctic 
one  above  it  the  measure  of  time  must  be  a  long  one  to  allow  for 
physical  changes,  as  the  Forest  Bed  must  have  been  submerged  at 
least  six  or  eight  fathoms,  that  being  the  average  depth  at  which  the 
Yoldias  found  in  situ  in  the  intervening  beds  inhabit  our  modern 
seas,  the  Yoldia  or  Leda  myalis  beds  being  here  16  feet  thick. 

One  of  the  chief  objections  to  the  Myalis  bed  being  synchronous 
with  the  Bure  Valley  Beds  is  the  fact  that  several  of  the  species,  Leda 

^  The  presence  of  this  shell  seems  to  indicate  that  great  hjdrographical  chaDges 
had  1»ken  place,  probahlj  the  influx  of  a  heayy  current  setting  in  from  the  noith, 
bringinj^  the  Tellen  in  profusion.  It  sufficiently  Qistinguishes  the  beds  in  which  it 
occurs  from  the  immediately  preceding  Upper  Crag  or  the  Chillesford  Series. 

'  This  is  the  recent  species  figured  in  Forbes  and  Hanley's  British  Mollusca  as 
Natica  Kingi,  obtained  in  the  rubbish  of  a  fishing  boat  at  Cullercoats. 
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inoladed,  are  found  in  their  living  position.  It  may  be  also  worth 
noting  that  the  Leda  myalis  does  not  oocur  in  the  inland  Bure  Valley 
Beds  or  the  Weyboume  Crags,  where  L.  oblongoidea  (L.  limatula)  is  the 
representative  species,  and  of  the  18  Bure  Valley  marine  species, 
eight  do  not  occur  in  the  Myalis  Bed ;  and  of  the  15  species  in  the 
latter,  nine  are  not  found  in  the  Bure  Valley. 

I  may  call  Mr.  Heid's  attention  to  a  very  valuable  paper  by  Dr. 
Nathorst,  on  this  Arctic  plant-bed,  in  vol.  iii.  of  the  Journal 
of  Botany,  London,  which  Mr.  Reid  seems  to  have  overlooked  (op,  cii, 
p.  83)..  in  which  the  Doctor  records  the  species  he  obtained,  including 
a  large  number  of  Willows  and  Mosses  now  living  only  within  the 
Arctic  circle. 

It  is  generally  assumed  that  a  great  elevation  of  the  land  was 
taking  place  throughout  the  earlier  part  of  the  major  glaciation, 
culminating  in  a  rise  to  at  least  the  100- fathom  line,  raising  the 
whole  bed  of  the  North  Sea,  except  a  narrow  valley  towards  the 
Norway  coast — the  ice-sheet  then  generated  not  extending  to  the 
South  of  Britain.  Of  the  land  or  sea  life  of  this  period  there  is  no 
record  in  Britain,  but  it  may  be  surmised  that  the  Mammoth  and 
Rhinoceros  tichorhinus,  the  Wolverine  and  the  Musk  Sheep  roamed  the 
frozen  solitudes  in  scanty  numbers.  That  which  would  be  most  con- 
sonant with  the  climate  is  found  in  the  masses  transported  bodily  from 
some  unknown  deep-sea  locality,  imbedded  in  the  higher  Yorkshire 
Clays  at  Bridlington  and  elsewhere  (vide  infra),  the  few  fragments 
mentioned  by  Mr.  Reid  from  the  Cromer  Drift  being  doubtfully 
in  situ. 

Subsidence  of  the  land  is  indicated  by  the  erosion  prior  to  the 
deposition  of  the  wide-spread  sheets  of  Middle  Qlacial  sand  and 
gravel  extending  from  Shropshire  to  Belgium  (if,  as  Mr.  S.  V.  Wood 
suggested,  the  Sables  de  Campine  are  of  this  age).  These  sands  are 
mainly,  and  I  am  inclined  to  think  altogether,  unfossiliferous.  The 
very  fragmentary  condition  of  the  large  number  of  species  (94) 
recorded  by  Mr.  Wood  from  these  sands,  and  the  fact  that  except 
six  or  seven  all  are  present  in  the  Butley  Crag,  induce  me  to  think, 
contrary  to  the  opinion  of  the  Messrs.  Wood  and  Harmer,  that,  like 
the  corresponding  sands  of  Slains  and  Crudeu,  containing  frag- 
mentary Red  Crag  shells,  they  are  purely  derivative.^  It  is  also 
difficult  to  see  where  such  a  fauna  could  have  existed  in  continuity 
throughout  the  preceding  stages,  if  the  bed  of  the  North  Sea  had 
been  elevated  to  the  extent  supposed.  These  sands  and  gravels  are 
apparently  due  to  the  floods  let  loose  by  the  melting  ice,  excessive 
rainfall,  and  the  sorting  action  of  the  sea  as  a  greater  area  was 
brought  under  its  influence  while  the  land  slowly  subsided.  The 
immense  influx  of  freshwater  would  be  unfavourable  to  the  develop- 
ment of  marine  life  which  in  the  Anglo-Belgian  Oulf  had  ceased  to 
exist,  the  incoming  northern  fauna  being  unmodified  by  southern 
accretions  till  the  future  minor  glaciation  had  passed  away,  and  the 
communication  re-opened  between  the  Channel  and  the  North  Sea. 

1  Traces  of  Red  Crag  Shells,  Pecten  opereuiaris,  have  also  been  found  in  the 
westerly  extension  of  the  Middle  GlaciaL 
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On  tlie  western  side  of  Britain  a  diflTerent  set  of  conditions 
obtains  in  the  beds  beneath  the  Till  in  Eilmaurs,  Tangy-Glen,  and 
elsewhere.  Of  the  22  species  recorded,  17  are  still  British ;  but  the 
remaining  five  are  extra-British,  new  to  the  fauna,  and  of  true 
northern  types  corresponding  to  those  on  the  east  coast  of  Brid- 
lington and  Fife,  as  will  be  discussed  presently. 

The  climax  of  the  Glacial  epoch  occurs  with  the  Great  Chalky 
Boulder-day,  the  true  Scottish  Till,  the  drift  and  unfossiliferous 
Till  of  the  Midlands  and  north-west  from  Lancashire  to  Shropshire. 
From  the  presence  of  occasional  horns,  bones,  and  teeth  in  the 
Scottish  clays,  the  remission  at  times  of  the  intense  cold  may  be 
inferred,  as  in  the  Greenland  summer.  I  have  no  knowledge  of  the 
Crofthead  Peat,  except  from  the  kindness  of  Mr.  Mahoney,  and  his 
and  Mr.  Geikie's  papers  in  the  Gbol.  Mag.  Vol.  II.  1869  ;  but,  con- 
sidering all  the  evidence,  I  am  less  inclined  to  regard  it  as  an 
intercalated  deposit  in  the  Lower  Till  than  as  occupying  a  depression 
at  its  immediate  close,  the  overlying  drifts  corresponding  more  to 
the  higher  English  Purple  Clays  than  to  true  Till.  The  fauna  and 
flora,  including  Boa  primigenius,  are  certainly  not  Arctic,  as  they 
should  be  if  Greenlandic  conditions  prevailed. 

The  Purple  Clays  of  Yorkshire  and  Lincolnshire  mark  the 
close  of  the  first  Glacial  epoch  in  Britain.  The  researches  of 
Mr.  Lamplugh  have  definitely  settled  the  question  as  to  the  fauna 
of  the  intercalated  masses  of  sand  and  clay  in  the  basement 
beds  not  being  in  position.  Of  the  120  molluscs  on  record  from 
Bridlington,^  I  find  on  analysis  that  39  are  confined  to  these  sands, 
and  of  the  others,  22  are  now  extra-British,  all  of  the  species  being 
still  existing.  The  age  when  these  molluscs  lived  would  probably 
be  about  the  time  when  the  Arctic  plant-bed  was  forming  on  the  now 
Norfolk  coast  the  Nucula  CohholdioB  and  TeUina  ohliqua  linking  it  to 
the  Newer  Pliocene  fauna,  their  habitat  in  the  deep  North  Sea  not 
far  removed  from  shore— a  few  miles  perhaps — similar  to  the  Dogger 
and  Antrim  turbot  banks,  where  northern  forms  still  exist.  Mr. 
Dawson  records  a  similar  deposit  about  eight  miles  off  Cruden,  from 
whence  his  dredge  always  brought  up  dead  shells  of  northern  types ; 
of  the  seventeen  species  recorded,  nearly  all  are  found  at  Bridlington, 
and  like  deposits  are  not  uncommon  elsewhere.  The  Bridlington 
fauna  is  essentially  a  deep-sea  one,  and  in  no  case  could  have 
originated  or  formed  in  any  of  the  deposits  of  the  Glacial  epoch  in 
Britain. 

With  the  gradual  cessation  of  Arctic  conditions,  depression  began 
again,  lasting  until  the  waves  of  the  Atlantic  washed  the  shores  of 
a  coast-line  extending  in  an  irregular  tract  from  the  Severn  to  the 
Tees,  accompanied  by  excessive  thermal  changes  and  the  inbringing 
of  a  new  series  of  life  forms.  Eliminating  all  the  Bridlington 
species  as  of  doubtful  British  origin,  and  all  land  and  freshwater 
mollusca  on  either  side  from  the  list  of  species  before  and  ajter  the 
major   glaciation   treated  of  above,    there   remain  of   the  Newer 

1  Dr.  Jeffreys  in  working  np  the  list  of  species  in  Mr.  Lamplngh's  paper  omitted 
any  reference  to  Mr.  b.  Y.  Wood's,  and  many  other  notices  on  the  fauna. 
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Pliocene  (Batley  horizon^)  130  species  which  do  not  pass  the 
barrier,  replaced  by  160  others ;  forty  to  fifty  again  of  these  dying 
out  on  or  before  the  succeeding  minor  glaciation.  Mr.  Crosskey  points 
out  'Hhat  the  fossiliferous  sands,  etc.,  belong  to  several  ages,  the 
contents  indicating  several  groups,  having  their  own  place  in  the 
gradual  transition  from  a  severely  arctic  to  a  more  moderate  tem- 
perature." This  transition  I  am  trying  to  illustrate.  The  oldest 
of  the  Interglacial  marine  deposits  occur  in  the  flanks  of  the  Boulder- 
clay  in  Fife  and  Aberdeen,  and,  as  might  be  expected,  yield  22  extra- 
British  species,  of  high  Arctic  types.  After  these  may  be  grouped 
such  beds  as  those  of  Bute  and  Arran,  containing  Saocicava  Norvegica, 
and  other  boreal  forms,  Mrithout  or  with  but  a  small  proportion  of 
more  Southern  forms,  as  at  Paisley  and  Dalmeny  later  on. 

Unless  the  raised  beach  at  Portland  Bill  is  of  this  age,  there  is  no 
Marine  deposit  in  South  Britain  that  can  be,  so  far  as  I  am  aware, 
correlated  with  this  older  group  of  Interglacial  deposits;  and  the 
Lower  Boulder-days  of  Lancashire  and  the  West  containing  Cytherea 
Chione  are  approximated  by  this  shell  to  a  slightly  more  recent 
period  antecedent  to  the  Middle  Lancashire  Sands. 

The  land  fauna  of  this  immediate  Post-glacial  age  in  Biitain  is 
very  limited,  the  Mammoth,  Woolly  Rhinoceros,  Bos  primgenius, 
and  the  Reindeer,  a  new  arrival,  alone  indicating  the  larger  life  in 
the  north ;  but  with  the  disappearance  of  the  ice  in  lower  lands, 
immigration  began.  Traces  of  such  are  found  in  the  breccia  of  Kent's 
Hole,  and  the  corresponding  earth  of  the  Brixham  Windmill  Oaves, 
in  the  abundant  relics  of  Cave  Bear  and  the  very  rare  Lion  and  Fox 
(White  Fox)  (1  jaw  of  each)  and,  as  shown  by  his  implements,  Man. 
The  presence  of  these  four  Camivora  is  indicative  of  the  herbivora, 
none  of  which  has  as  yet  been  found,  and  Mr.  Pengelly  would  pro- 
bably be  quite  right  in  his  argument  that  Man  arrived  in  Britain 
before  the  Cave  Hysena,  if  he  had  added  "  after  the  Glacial  epoch." 
From  all  the  facts  of  our  present  knowledge  there  seems  no  escape 
from  making  the  earliest  Frimceval  Man  (revealed  by  his  works  in  a 
Devonshire  Cave,  for  the  first  time  on  record),  an  Old  Devonian  and 
a  real  homo,  having  nothing  to  do  with  the  Eocene  Ape  Man  of 
Thenay,  or  his  Miocene  brethren  of  the  Cantal  and  the  Tagus.' 

^  I  hare  used  this  horizon  as  a  standard  of  comparison  throughout,  hecaose  of  its 
accepted  freedom  from  extraneous  forms ;  and  its  richness  in  life  offers  sufficient  ground 
for  such  reference. 

^  The  endence  of  Pregladal  Man  in  England  is  confined  to  the  Red  Crag,  and 
consists,  1st,  of  a  shell  wiu  a  supposed  human  face  carved  thereon  (H.  Stopes; ;  2nd, 
perforations  in  sharks*  teeth  (E.  Charlesworth) ;  3rd,  a  human  jaw  deeply  stained 
with  iron  from  Foxhall  (Dr.  CoUver,  Anthrop.  Review,  1867,  p.  221) ;  4th,  a  spear- 
head from  a  Coprolite  heap,  locality  unlimown  (R.  J.  Mortimer,  now  in  firit. 
Mus. ) ;  and  lasUy,  a  specimen  of  apparently  cut  bone  in  possession  of  Prof.  Prestwich 
(Nature,  toI.  xtu.  p.  105).  Of  these  the  shell  is  probably  like  many  other  Walton 
shells  fancifully  decorticated ;  2nd,  the  perforations  are  shown  by  Prof.  Hughes  to 
be  due  to  animal  action  ;  3rd,  the  jaw  is  repudiated  by  nearly  all  scientific  men  as  of 
Pre^Iacial  age,  although  certainly  old ;  4tn,  Mr.  Mortimer's  implement  has  been 
fashioned  since  the  fossilization  of  the  bone.  Mr.  Prestwich's  I  have  not  seen. 
The  absence  of  Palaeolithic  Mammals  and  Implements  in  either  Scotland  or  Ireland 
is  strong  evidence  in  fuTour  of  an  equal  absence  of  dry  land  there. 
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The  submergence  of  the  north-west  corresponds  with  the  emergence 
or  elevation  of  the  east,  and  in  the  Glacial  beds  thus  exposed  the 
Thames  river  channel  was  opened,  the  oldest  portion  fix)m  East 
London  to  Ilford,  Grays  and  Orayford,  opening  southwards 
(S.  V.  Wood),  and  at  a  later  period,  when  the  North  Sea  was 
resuming  its  old  bed  [inhuming  the  Mammalian  fauna,  brought  up 
80  frequently  from  its  bottom  by  fishermen],  the  present  channel 
in  its  entire  length  opening  eastwards.  These  earlier  gravels  and 
brickearths  yield  a  fauna  indicating  warmer  conditions  than  now 
or  at  any  time  since  the  preceding  glaciation.  Grouped  with 
these  must  be  the  rich  Barnwell  river  gravels,  containing  more 
extra-British  freshwater  and  land  shells  than  all  the  other  Post- 
Tertiary  deposits  put  together,  including  Helix  fruHcumy  the 
<mly  other  Post-Tertiary  locality  for  which  shell  is  Stutton  on  the 
Stx)ur,  a  deposit  of  similar  age,  from  whence  the  late  Mr.  S.  V. 
Wood,  sen.,  obtained  the  specimen  (the  only  one)  figured  in  Mon. 
Crag.  Moll.  I  notice  here  this  shell  more  particularly,  because 
I  shall  have  to  call  attention  to  certain  erroneous  references 
in  respect  to  this  species.  The  well-known  deposit  at  Clacton 
Clifif  belongs  to  this  series :  and  here  I  must  demur  to  Mr.  Dalton 
collating  the  fauna  at  this  place  with  that  of  Copford,  especially 
without  due  revision.  The  Copford  shells  were  named  by  one  of 
the  most  competent  men  of  his  day,  the  late  Mr.  John  Pickering, 
from  Dr.  Gray's  edition  of  Tnrton's  Manual,  and  the  Clacton  list  by 
Mr.  J.  de  C.  Sowerby,  in  which  two  species  are  described  as  new, 
one  being  from  the  figure  a  variety  of  Helix  hiepida,  and  the  other, 
judging  from  the  description,  a  young  Planorhia  glaber,  Mr.  Sowerby 
used  a  different  nomenclature  from  Mr.  Pickering,  and  the  incorpora- 
tion of  both  lists  into  one  without  the  elimination  of  the  synonymic 
names  unduly  inflates  the  list  of  species  (Memoirs  of  the  Neighbour- 
hood of  Colchester,  1880). 

The  Worcestershire  Avon  gravels  may  be  assigned  to  this  series  also, 
as,  like  the  older  Thames  beds,  the  fauna  of  all  kinds  is  marked  not 
only  by  forms  of  southern  types,  but  by  an  almost  complete  absence 
of  northern  and  arctic  species.  The  Musk  Sheep  would  seem  not 
to  be  in  accordance  with  this  view ;  but  at  present  I  should  con- 
sider its  occurrence  at  Crayford,  Erith,  and  Fresbford  near  Bath,  to 
correlate  these  beds  with  the  same  age  as  the  later  Thames  gravels 
near  Maidenhead,  when  the  declining  was  gradual.  The  Thames 
Valley  is  not  a  valley  of  one  aspect  or  geologic  stage,  but  many  ; 
the  great  river  and  its  affluents,  and  the  contents  of  the  bordering 
gravels  and  soils  sufficiently  attest  this.  Mr.  Worthington  G.  Smith  ^ 
points  out  that  three  stages  at  least  in  the  manufacture  of  palaeo- 
lithic flints  are  traceable,  ranging  from  the  crudest  to  delicate  tools 
of  beautiful  fabrication. 

Coincident  with  the  river  earths  above  referred  to,  is  the  ancient 
peat  of  Lexden,  near  Colchester,  where  the  Rev.  0.  Fisher  obtained 
so  many  traces  of  mired  and  mud-bound  Mammals,  and  an  Insect 
£auna  of  trans-pyrenean  growth. 

^  Nature^  xxrii.  p.  270. 
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The  fauna  of  the  "Mod  Deposit"  at  Selsey,  unfortunately  so 
seldom  yisible,  is  exoeedingly  rioh,  as  is  well  known,  in  shells  of  this 
age  and  cbaiiioter.  The  gravel  beneath  it  is  rioh  in  land  shells,  but 
■o  rarely  viewed  as  to  be  almost  unknown.  As  described  elsewhere 
by  myself,  I  have  taken  from  the  mud  bed  140  speoies  of  shells ; 
of  these  about  30  do  not  oome  north  of  the  Channel  Islands  or  the 
north  of  Spain,  eight  being  exclusively  Mediterranean  forms. 

This  extension  northwards  of  southerti  types  is  visible  very 
notably  in  the  Middle  Sands  of  the  North- West  of  England  and 
Wales,  in  the  Shropshire  and  Severn  gravels,  eta  Undoubtedly  all 
these  are  not  of  one  age,  but  belong  to  various  periods  of  the  great 
submergence,  as  already  indicated  for  the  Scottish  fauna.  The  given 
fauna  from  these  beds  is  rich,  almost  too  rich,  for  there  is  a  shrewd 
suspicion  that  all  the  species  quoted  are  not  genuinely  native,  especially 
when  obtained  from  the  workmen.  Many  quarrymen  unhesitatingly 
bring  recent  Naticas  and  other  speoies,  some  with  Confervsd  on  them, 
as  the  product  of  the  soil.  Mr.  Darbishire,  Mr.  Maw,  and  myself 
in  a  small  way  have  found  this,  even  to  the  offering  of  the  pearl 
oyster  and  other  West  Indian  species. 

Apart  from  this,  the  beds  exhibit  Venus  Chione  and  other  southern 
shells  (and  in  Ireland  Woodia  digitaria)  at  higher  latitudes  than 
those  they  are  now  found  living  in.  The  finest  and  most  instructive 
series,  because  almost  every  specimen  has  been  obtained  under 
the  supervision  of  the  owners  of  the  gravel  pit  from  whence 
they  were  exhumed,  and  preserved  with  great  care,  is  that  in  the 
possession  of  the  Misses  fifarrington,  of  Worden,  Lancashire,  in 
which  every  species  known  to  the  N.W.  gravels  is  contained  with 
many  others  confined  to  this  pit  alone.  When,  by  the  kindness  of 
the  Misses  ffarrington,  I  had  the  pleasure  of  working  out  the  entire 
series,  I  found  that  from  180  to  140  species  were  represented,  and  it 
was  not  only  in  the  number  of  southern  species,  but  the  southern 
exuberance  of  form  and  sculpture  put  on  by  such  shells  as  Murex 
erinaeeus,  still  with  us,  that  testified  to  the  extension  northward,  and 
the  consequent  indication  of  the  southern  climate  that  these  showed. 

Western  currents  were  at  times  probably  prevalent,  since  the  find- 
ing of  a  West  Indian  Olive  (0.  jaapidea  apparently  from  Strickland's 
drawing)  and  Bulia  ampulla  ^  in  the  Severn  drift  implies  as  much. 

I  can  identify  only  two  deposits  in  the  West  of  Scotland  with  this 
series — Oarvel  Park  and  Loch  Gilphead,  with  perhaps  Lochaber. 
llie  presence  of  Bisaoa  cancellata  and  B.  striattUa  (the  latter  only 
known  fossil  elsewhere  at  Selsey),  so  far  removed  from  their  present 
locality,  is  remarkable.  The  **  head  "  over  the  Portland  Beach  and  the 
Orysttdline  Stalagmite  above  the  Gave  Bear  breccia  of  Kent's  Hole 
correspond  to  this  open-air  earlier  deposit 

HicssLK  Gravels,  eto. — As  the  first  portion  of  the  Interglacial 
series  culminated  with  the  deepest  submergence  of  the  North  and 
North-west,  so  the  second  part  commences  with  its  re-emergence. 
It  is  understood  that  depression  is  more  pertinent  to  accumulation  than 

^  Mr.  Maddntosh,  I  think,  ib  not  very  faYonrable  to  Molluscan  evidence.  I  am 
afraid  he  ia  hardly  a  fair  judge,  as  he  diyidea  this  species  into  two  genera. 
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is  elevation ;  hence  there  is  little  to  wonder  at  that  marine  life  in  this 
stage  should  be  so  mnch  less  active  in  appearanoe  than  in  the  preced- 
ing period ;  and  nearly  all  deposits,  whatever  height  they  may  occupy, 
belonging  to  this  stage,  have  been  deposited  in  shallow  waters. 
Present  elevation  goes  for  nothing :  for  example,  the  living  zone  of 
Saxicava  Norvegica  is  from  30  to  90  fathoms,  and  of  Thracia  convexa 
4  to  70  fathoms,  yet  they  occur  between  tide  marks  on  the  same 
level  on  exactly  opposite  sides  of  Scotland,  namely,  at  Bute  and 
the  Frith  of  Forth. 

A  few  of  the  Scotch  shell  clays  belong  to  this  stage,  but  the  non- 
Arctic  shell-beds  are  chiefly  of  post  "  minor  glacial "  or  Neolithic 
age,  certainly  those  in  which  Fecten  lalanddcui,  TeUina  ealearea,  and 
Asiarte  borealis,  species  still  living  within  easy  reach  of  oar  coasts 
(as  in  Faroe  and  Norway),  are  conspicnously  absent. 

The  Marine  Gravels  of  March  and  Hunstanton  below  the  Fen  Peats, 
and  those  of  Kelsey  Hill  in  the  north,  and  Ghislet  in  the  south,  belong 
to  this  era,  the  association  of  Corbtctda  and  fluviatile  species  with 
marine  forms  in  the  two  latter  being  very  notioeable,  indicating 
beyond  any  doubt  that  marine  conditions  again  prevailed  in  the 
North  Sea.  The  March  gravels  may  be  of  a  slightly  earlier  age, 
equivalent  to  the  Barnwell  freshwater  gravels ;  they  cannot  be  far 
away. 

This  epoch  is  the  so-called  palsaolithic  or  rough  stone  implement 
age  of  Man,  and  the  prevalence  of  rough-shapen  tools  from  Peter- 
borough southwards,  and  their  absence  togeUier  with  that  of  the 
accompanying  Mammalia  in  Wales,  Scotland,  and  Ireland,  affords  a 
fair  inference  that  these  places  were  under  water  at  the  time.  As  a 
general  rule,  the  more  advanced  manufactured  weapons  are  in  the 
newer  deposits ;  but,  just  as  Dr.  Schliemann  found  at  Troy  a  Bronze 
people,  succeeded  by  a  Neolithic  one,  so  inferior  tools  occasionally 
are  supra  the  better-class  weapons.  Stratigraphically  they  must  be 
received  with  caution. 

In  order  of  time  the  fauna  of  the  Bedford  Ouse  and  Thet  valleys, 
the  Somerset  caves,  the  Upper  Thames  gravels,  and  the  Eirkdale 
and  Settle*  caves,  in  which  Reindeer  are  few  or  absent,  seem  to 
precede  the  Fisherton  gravels  with  Marmot,  and  the  Windsor,  Bugby, 
Windy  Enoll,  and  Gower  Oaves  in  which  they  are  more  plentiful, 
the  Cave  earth  of  Kent's  Hole  and  Oresswell  Crags  with  bone 
harpoons  evidently  being  the  most  advanced  of  alL  Professor 
Prestwich's  suggestion  that  the  Hippopotamus  was  fitted  for  a  more 
northern  climate  than  it  now  inhabits  seems  to  be  irrefutable,  since 
it  is  found  associated  with  remains  of  species  widely  separated  from 
it  now  in  space  and  climate.  Such  separations  among  old  associates 
are  common  enough  among  the  MoUusca.  Taking  Butley  again  for 
an  instance,  of  shells  which  in  life  were  associated,  and  are  now 
found  side  by  side  fossil,  Qastrana  laminosa  is  Natalese,  TeUina 
ohiiqua  Japanese,  Fusus  altwn  North  Cape,  Admete  viridula  Green- 
landic. 

^  The  rappontion  that  the  lower  cave  eartii  here  is  Preglaoial  will  not  bear 
investigatioii. 
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Much  yet  remains  to  be  learnt  about  the  migration  of  the 
Mammalia.  The  Mask  Sheep  and  Glutton  in  the  Forest  Bed  again 
reappeared,  when  a  oolder  period  was  setting  in  again,  in  company 
with  the  Northern  Lynx  and  Arctic  Fox.  But  Mr.  Howorth  has 
pointed  out  that  rain  and  damp  are  the  main  agents  in  the  delimita- 
tions of  range  of  the  Beindeer  and  Musk  Sheep,  the  fresh  skulls 
of  the  latter  occurring  at  lower  latitudes  than  it  now  occupies. 
Prof.  Boyd  Dawkins  has  so  thoroughly  entered  into  this  branch  of 
Palaeontology,  that  I  prefer  leaving  such  questions  to  him. 

The  Mundesley  river  bed  may  probably  belong  here.  The  Eydrohia 
marginata  (Belgrandia  nana,  Sandb.)  and  EiephaB  antiquus  correlates 
it  to  this  stage,  and  if  so  the  presence  of  the  little  Chelonian 
Emys  lutaria  may  place  the  fluviatile  deposit  at  Wretham  Mere, 
Norfolk,  with  it.  I  take  it  that  many  of  the  caves  just  referred  to 
were  inhabited,  without  cessation,  during  the  following  minor 
glaciation,  from  Yorkshire  southwards. 

1  have  lately  obtained  from  the  pebble  beds  overlying  the  London 
Clay  close  to  Minster,  Sheppey,  a  flint  implement.  The  two  pebble 
or  gravel  beds  were  probably  continuous  originally. 

The  Implement  gravels  of  Heme  Bay  and  the  South  of  Hamp- 
shire, and  the  thick  yellow  clay  with  large  southern  erratic  rock 
masses  overlying  the  Selsey  mud  bed,  must  be  placed  here.  This 
clay  boulder  bed  is  too  often  confused  with  the  angular  marine 
gravel  above.  This  gravel  I  may  say  helps  to  form  the  mass  of 
shingle  on  the  beaoh,  hut  the  shingle  is  not  composed  only  of  this  fall 
or  talus,  but  is  augmented  by  a  large  accession  of  rolled  pebbles  of 
all  ages,  travelling  from  the  westward,  a  fact  often  lost  sight  of. 

To  this  latter  half  of  the  Interglacial  period  I  consider  the  Somme 
and  Seine  gravels  belong,  not  to  the  earlier  Thames  (Crayford)  por- 
tion. The  tuffs  of  Cannstadt  and  of  Moret  in  the  Seine  Valley  will 
probably  give  the  Flora  of  the  time. 

The  Minob  Glaoiation. — Such  period  will  include  the  Hessle 
Boulder-clay  of  Yorkshire,  the  Upper  Boulder-day  of  the  N.  West 
and  Ireland,  and  probably  some  of  the  fossiliferous  beds  of  Scotland, 
like  Paisley  and  Eilchattan,  not  possessing  so  glacial  a  character  as 
the  earlier  Fife  and  Buto  beds. 

In  Lancashire  and  Westmoreland  alternations  are  not  uncommon, 
peat  containing  Mosses,  Beetles,  etc.,  not  being  very  rare,  the  marine 
fauna  in  the  clays,  as  in  those  of  the  low-lying  Caithness  lands, 
mostly  being  fragmentary  and  derivative.  In  the  south  its  influence 
is  chiefly  felt  in  the  ''trail"  Loess,  Brick-earth,  and  Contorted 
Oravel  in  the  Thames  Yalley  Beds  and  Tolland's  Bay ;  and  to  this  age 
I  am  disposed  to  refer  the  raised  beds  on  the  Sheppey  and  Pegwell 
Bay  Cliffs,  and  the  long  stretch  of  marine  detritus  and  gravels 
extending  from  Brighton  to  Portsmouth,  at  all  heights,  from  nearly 
sea-level  to  upwards  of  200  feet. 

The  final  relics  of  this  era  are  the  Moraines,  Eskers,  and  Karnes, 
chiefly  occurring  in  Ireland  and  the  North,  the  Lancashire  Shirdley 
Hill  Sands  and  the  Nar  Yalley.  The  numerous  raised  marine  beds 
in  Devonshire  and  Cornwall  may  be  refeiTed  to  here,  together  with 


Digitized  byVjOOQlC 


76    A.  Bell^Suoeeasian  of  the  Later  Tertianes  in  Ot.  Britain. 

the  Selsey  saperfioial  Briok-earth  and  the  Brighton  '< Elephant'*  bed. 
The  often-quoted  de^Kisit  at  Copford  in  Ebbox,  and  another  con- 
taining a  sindlar  faana,  with  flint  flakes,  at  Stroud,  Glouoestershire, 
650  feet  elevation,  belong  to  this  stage,  some  of  the  species  being 
living  known  only  in  Yorkshire  and  far*distant  plaoes.  Sinoe  the 
paper  on  the  Copford  beds  was  written  by  the  late  Mr.  John  Brown, 
the  beds,  although  visited,  I  oannot  find  to  have  been  practioally 
worked  by  any  one  except  myself,  Mr.  Dalton*s  memoir  being 
mainly  a  recapitulation  of  Mr.  Brown,  plus  sundry  errors. 

Will  Mr.  Dalton  kindly  say  where  Mr.  S.  V.  Wood  states  that 
"  three  of  the  Helices  from  the  Shell  Marl  no  longer  live  in  England," 
i.e,  H.  ruderata,  H,  incamata,  and  ff,  fruHcum :  of  the  many  thousands 
of  Copford  shells  I  have  had  in  my  hands,  I  have  never  seen  one  of 
the  latter,  and  Mr.  Wood's  figure,  as  already  mentioned,  is  that  of  a 
Stutton  specimen.  Mr.  Wood  further  remarks  that  the  H,  incarwUa 
requires  confirmation,  and  he  does  not  say  in  what  bed  the  H.  rude- 
rata  was  found,  simply  giving  Copford.  My  experience  of  the  Marl 
is  that  very  few  shells,  exoept  freshwater  species,  are  to  be  found  in 
it,  and  Mr.  Brown  particularly  observes  that  it  is  only  where  the 
marl  passes  into  sandy  clay  at  the  sides,  that  they  abound,  and  in  the 
peat  Dr.  Gwyn  Jeffreys  speaks  of  the  H,  fruticum  as  at  Copford ; 
the  reference,  he  told  me  afterwards,  was  under  a  misapprehension 
of  a  remark  of  mine,  that  I  had  found  the  shell  in  England  elsewhere 
than  at  Stutton.  Sir  C.  Lyell,  ''  Student's  Manual,"  uses  the  same 
words  as  Mr.  Dalton,  but  the  account  of  Copford  given  by  Sir 
Charles  is  inaccurate. 

I  have  been  a  little  more  prolix  than  perhaps  necessary,  because 
H,  fruticum  belongs  to  a  group  of  shells  pertinent  to  an  age  long 
antecedent  to  the  Copford  peats,  and  the  deposit  is  a  typical  one, 
often-quoted  but  so  seldom  correctly,  that  it  is  quite  as  well  that  an 
error  should  be  set  right  if  possible.  Curiously  enough,  Mr.  H.  B. 
Woodward  (Geol.  England  and  Wales,  p.  333)  makes  the  blue  clay 
beneath  the  marl  to  be  the  source  of  the  MoUuscan  fauna.  From 
this  clay  I  obtained  teeth  of  Bhinooeros,  and  a  nearly  complete  set 
of  teeth  of  a  small  deer,  of  which  the  whole  skeleton  was  found. 

Submerged  forest  and  peat  beds  of  this  age  may  be  occasionally 
seen  at  Torbay,  Anglesey,  and  beneath  the  Carse  Clays  of  Falkirk, 
and  the  Lothians,  and  the  Buttery  Clay  of  the  Fens.  Such  peats  as 
yield  Elephant  remains  may  be  safely  placed  here.  There  is  no 
improbability  in  supposing  that  the  Mammoth  lived  on  throughout 
the  minor  glaciation,  since  we  find  his  remains  in  the  Beindeer 
period  in  Kent's  Hole,  the  two  periods  being,  if  not  as  they  may 
probably  have  been,  coeval,  yet  certainly  closely,  together  in  time ; 
and  there  is  every  reason  to  believe  that  the  Megaceros  lived  in 
Ireland  long  after  its  extinction  in  England,  and  that  the  Beindeer 
in  Scotland  was  a  still  later  survival. 

The  Bovey  Heathfield  Clay  with  Betida  nana  and  Northern  wil- 
lows is,  I  think,  an  inland  bed  of  this  period ;  but  it  is  possible  that, 
like  the  Cratagm  pyracanthus  and  others  obtained  from  Grays  Thur- 
rock  by  Mr.  Prestwich  and  Pinus  Byheatrie  by  myself,  the  flora 
belongs  to  the  period  succeeding  the  major  glaciation. 
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The  next  or  Neolithic  stage  corresponds  with  the  formation  of  the 
25  feet  Raised  Beaches  of  Scotland,  comprising  much  of  the  ground 
bordering  the  Clyde,  especiallj  about  Glasgow,  in  which  Tellina 
calcarea,  Leda  pemtUa  and  other  boreal  shells  appear  for  the  last  time 
in  Britain.  Some  of  the  beds  in  this  district  may  be  newer  still,  as 
in  various  parts  of  the  town  of  Glasgow  many  canoes  have  been 
exhumed,  from  the  large  canoe  dug  out  by  fire  and  stone,  a  beautiful 
weapon  being  found  in  one  of  them,  to  another  in  which  a  cork  plug 
formed  part  of  the  equipments,  and  a  well-made  clinker-built  boat 
with  metallic  (iron)  fastenings. 

The  Carse  Clays  of  East  Scotland,  and  the  Buttery  Clays,  or  Fen 
Silts  of  Lincolnshire  and  Cambridgeshire ;  the  Megaceros  Peat  and 
Bogs  of  Ireland,  the  Fen  Peats  with  polished  implements ;  and  most  of 
the  submerged  forest  or  tree  patches  skirting  the  coast,  many  west 
country.  Scotch  and  Irish,  caves,  as  Hoyle,  Perth,  Chwaren,  Cetn,  and 
a  portion  of  the  Settle  Cave,  Yorkshire,  Oban  and  Kirkcudbright  all 
fall  in  this  period,  but  so  gradually  pass  up  into  the  more  recent 
stage  that  an  actual  line  of  demarcation  can  seldom  be  drawn. 

In  these  notes  I  have  said  but  little  about  Ireland,  having  entered 
fully  into  the  subject  in  a  prior  communication ;  it  will  suffice  to  say 
here  that  every  observation  made  then  is  fully  applicable  now,  and 
varies  nothing  from  the  lines  worked  upon  above. 

The  latest  deposits  comprise  the  low  level  beaches  in  which  the 
fauna  is  still  existing,  of  which  Belfast  and  Largo  Bays,  and  Portrush 
furnish  good  examples,  and  the  Scrobicularia  clays  and  marine 
beaches  in  marshy  places,  as  the  Burtle  beds  of  Somerset,  from  whence 
the  sea  has  been  comparatively  speaking  only  recently  excluded, 
the  Alluvial  flats  of  Lancashire,  and  the  whole  series  of  intercalated, 
silts,  clays,  and  peats  of  Somerset  and  Cornwall,  the  silts  of  tidal 
rivers,  the  now  forming  sandbanks  and  shingles  of  the  coast-lines, 
the  blown  sands  of  Antrim  with  flint  flakes,  and  of  Galway  and 
Cornwall,  containing  Helices  of  types  (H,  nemoraUs  in  particular) 
of  a  size  and  structure  now-  unknown,  the  Megaceros  peat  bogs 
and  underlying  marls  of  Ireland,  and  the  forest  and  surface  peats 
of  Walthamstow,  Newbury,  Hull,  Lincolnshire  and  Cambridgeshire, 
the  Caves  and  Midden  deposits  of  Richmond  in  Yorkshire,  Scotland, 
and  Ireland,  and  of  Settle  and  Heathery  Bum,  the  subaerial  shell 
beds  of  the  Isle  of  Wight  and  elsewhere,  and  the  tufaoeons  marls 
formed  by  incrusting  springs  in  Limestone  districts. 

All  of  these  are  due  to  such  agencies  as  have  been  in  ceaseless 
operation  since  the  Bronze  dolichocephalic  man  came  into  Britain.  In 
Ireland  there  is  every  reason  to  suppose,  and  probably  in  the  North 
of  Scotland  also,  that  stone  implements  were  in  use  to  a  much  later 
period  than  in  England. 

It  would  greatly  facilitate  the  study  of  the  later  beds  if  authors 
would,  instead  of  quoting  in  their  lists  **  bones  of  birds  or  fish,  elytra 
of  insects,"  endeavour  to  ascertain  what  they  are.  Many  species  are 
lost  to  science  for  want  of  such  determinations.  A  list  of  peat 
insects,  and  another  of  the  plants  absolutely  found  in  (I  do  not 
mean  a  list  of  those  living  which  make  it)  the  peat  are  a  great 
desideratum. 
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In  the  foregoing  notes  I  have  endeavoured  to  classify  the  principal 
deposits  which  throw  any  light  upon  the  succession  of  the  later  de- 
posits of  our  country,  and  by  piecing  the  fauna  and  flora  together  to 
show  that,  beyond  the  vast  cessation  of  life  during  the  great  or  roajor 
glaciation,  the  succession  of  organic  forms  is  one  without  violent 
alterations,  or  necessitating  alternate  cold  and  hot  periods.  There  can 
be  little  reason  to  fear  that  ultimately  a  sequence  of  these  varied 
deposits  and  their  contents  will  be  established.  The  fuller  the  lists  are 
made,  the  sooner  such  a  to-be- wished-for  conclusion  will  be  arrived  at 
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I. — Abhandluhokn   zub  Gbolooisghen  Spsoialkabte  yon  Elsass- 

LOTH&INGRN. 

EiN  Beitrao  zub  Kbnntniss  deb  Elsassbb  Tbbttars.    Yon  Dr.  A. 

Andbba.     Mit  12  lithographirten  Tafeln,  2  Kartenskizzen,  und 
.  10  Zincographien.     Band  II.  Heft.  III.     1884. 
Dek  Diluvialsand  von  Hanoenbietbn  im  Unteb-Elsass,   seine 

Geologischen  und  PalaBontologischen  Verhaltnisse  und  vergleich 

seiner  Fauna  mit  der  recenten  Fauna  des  Elsass.     Yon  Dr.  A. 

ANDBEiB.      Mit  2  photographischen    Tafeln,  einem  Profil  und 

fiinf  Zincographien.     Band  lY.  Heft.  II.     1884. 
Memoibs  fob  the  Speotal  Geological  Map  of  Alsaoe-Lobbaine. 

A  Contribution  to  the  Knowledge  of  the  Tertiary  Strata  of  Alsace. 

By  Dr.  A.  Amdbeje.     pp.  351,  12  4to.  plates,  2  maps,  and  10 

ziucographs. 
The  Geologioal  and  Palaontologioal  Relations  of  the  Diluvial 

Sand  of  Hangenbieten  in  Loweb  Alsace,  and  a  Comparison  of 

its  Fauna  with  the  present  one  of  Alsace.     By  Dr.  A.  Andbea. 

pp.  90,  2  photographed  plates,  1  profile,  and  5  zincographs. 

IN  the  first  of  these  memoirs  a  detailed  description  is  given  of  the 
Tertiary  strata  of  Alsace.  The  lowest  beds,  which  belong 
to  the  Middle  Eocene,  are  freshwater  limstones  distinguished  by 
the  characteristic  Planorhis  pseud ammoniua  and  containing  teeth  of 
Lophiodon  and  other  mammals.  Above  these  are  sandstones  with 
plant-remains,  and  then  thick  beds  of  dolomitic  limestones  with 
Melania  and  other  freshwater  genera,  referred  to  the  Upper  Eocene. 
Beds  of  Oligocene  age  are  very  extensively  developed  in  Alsace,  and, 
on  account  of  their  containing  petroleum  and  bitumen,  are  economic- 
ally important  Borings  have  been  made  in  them  to  a  depth  in 
some  places  of  300  mkres  without  penetrating  through  them.  The 
lowest  Oligocene  strata  consist  of  beds  of  gypsum,  apparently  of 
brackish- water  origin ;  these  are  succeeded  by  petroleum -bearing 
marls  and  sandstones,  and  then  marine  deposits  of  sand,  marls, 
septarian-clays  with  numerous  foraminifera,  and  fish -bearing  shales, 
which  belong  to  the  Middle  Oligocene.  The  Upper  Oligocene 
deposits  are  marine  or  strongly  brackish  marls,  sandstones  and  con- 
glomerates. 
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The  fauna  and  flora  of  these  Tertiary  deposits  are  very  carefully 
desuribed  and  most  admirably  illustrated  in  the  aocompanying  atlas 
of  plates ;  the  figures  have  been  drawn  by  the  author's  own  hand. 
Namerons  new  species  of  freshwater  moUusca  and  of  foraminifera 
are  introduced. 

The  second  memoir  consists  of  a  detailed  description  of  a  section 
of  diluvial  or  Post-Tertiary  sands  and  marls  exposed  in  the  Hhine 
valley  at  Hangenbieten,  a  short  distance  from  Strassburg.  The  total 
thickness  of  the  deposits  is  about  15  metres.  The  uppermost  stratum 
18  a  typical  non-stratified  Loess,  containing  land-shells  exclusively, 
which  the  author  regards  as  Post- Glacial.  Beneath  this  is  a  LfOess 
of  nearly  the  same  petrographical  character  as  the  bed  above,  but 
containing  freshwater  as  well  as  land-shells.  Next  below  is  a  reddish 
sand — known  as  renovated  Vogesen  sand — which  contains  17  species 
of  land  and  13  of  freshwater  shells,  and  in  places  remains  of  Mam- 
moth and  Reindeer.  The  author  places  this,  and  the  Loess  above  it, 
as  probably  of  Glacial  age.  Under  the  Yogesen  sand  are  concre- 
tionary marls,  in  which  the  freshwater  molluscs  are  more  numerous 
than  the  land  forms,  and  these  are  succeeded  below  by  fluviatile 
sands  in  which  79  species  of  molluscs  (48  land  and  31  freshwater) 
have  been  discovered.  Four  of  these  are  entirely  extinct  species,  and 
many  others  have  altogether  disappeared  from  the  district.  A  still 
lower  bed  of  sand  with  but  few  fossils  in  it  forms  the  base  of  the 
section.     These  lower  beds  are  regarded  as  of  Interglacial  age. 

The  author  furnishes  a  table  in  which  a  comparison  is  made  of  the 
fauna  of  the  Hangenbieten  section  with  that  now  existing  in  Elsace 
and  the  district  of  the  Upper  Bhine,  and  with  that  of  Mosbach  near 
Biebrich  and  of  Mauer  near  Heidelberg.  Descriptions  are  given  of 
some  new  forms,  and  all  the  species  are  shown  with  remarkable 
clearness  in  the  appended  photographic  plates.  G.  J.  H. 


XL — Bbitbaob  zub  Kbnntniss  dvb  fossilbn  Badiolaribn  aus 
Gbstbinbn  DBS  JuBA.  Vou  Dr.  Rust,  in  Freiburg  I  /B.  Palason- 
tographioa,  Band  xxxi.  Mit  Tafel  i. — xx.     (Cassel,  1885.) 

Contributions  to  thb  Knowlkdgb  of  Fossil  Radiolabia  fbom 
Rooks  of  thb  Juba.  By  Dr.  Rubst,  of  Freiburg.  Palaeonto- 
graphica,  vol.  xxxi.  pp.  51,  with  20  plates. 

WITH  the  exception  of  a  few  species  of  Radiolarians  from  the 
Upper  Chalk  of  North  Germany  described  by  Zittel,  and  18 
species  from  the  Lower  Lias  of  the  Tyrol,  which  Dunikowski  has 
named  and  figured,^  scarcely  anything  has  hitherto  been  known  of 
fossil  Radiolaria  from  strata  older  the  Tertiary,  and  these  minute 
siliceous  organisms  have  been  regarded  as  forming  but  an  insignifi- 
cant part  of  the  fauna  of  the  older  rocks.  The  present  memoir,  in 
which  234  different  species  of  Radiolaria  belonging  to  76  genera,  ai-e 
described  from  Cretaceous  and  Jurassic  strata,  furnishes  good  evidence 

^  Dr.  G.  C.  Wallich  has  lately  called  attention  to  the  occurrence  of  Badiolarians  in 
tiie  cavities  of  flints  from  the  Upper  Chalk  of  Surrey,  but  they  have  not  yet  been 
described.    Ann.  and  Mag.  Nat.  Hist.  6th  ser.  vol.  zii.  p.  52,  1883. 
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that  they  flourished  as  abundantlj  and  in  as  great  variety  of  form  in 
the  seas  of  these  periods,  as  in  those  of  Tertiary  and  recent  times. 

From  the  Middle  and  Upper  Chalk  Dr.  Biist  discovered  but  few 
Radiolarians,  they  were  however  abundant  in  Neocomian  limestone 
at  Urschlau  in  Upper  Bavaria.  The  so-called  ilj)/ycAa«-Schiefer  from 
Ursohlau  and  several  other  places  in  the  Tyrol  were  found  to  be  very 
rich  in  well-preserved  specimens.  They  also  occur  in  the  Jasper  and 
Chert  from  rocks  of  **Tithon"  age  in  the  Upper  Alpine  Jura  at 
Allgau,  near  Mumaa,  and  other  plaoes  in  the  TyroL  In  the  red 
jasper  the  Radiolarians  are  so  abundant  that  their  shells  are  in  close 
contact  in  the  rock,  whilst  in  the  chert  on  the  other  hand  they  are 
comparatively  rare.  In  this  latter  material  the  Radiolarians  are  re- 
placed by  sponge-remains  and  foraminifera,  and  many  dark  beds  of 
chert  are  stated  to  consist  of  bedded  masses  of  scattered  sponge- 
skeletons  (in  the  same  manner  as  turf  consists  of  remains  of 
Sphagnum),  with  a  few  scattered  Radiolaria  between.  The  red  jasper 
however,  may  be  compared  to  a  Radiolarian  mud,  like  that  brought 
up  from  the  greatest  ocean  depths  by  the  Challenger  expedition. 

Fragments  of  this  jasper,  containing  the  same  species  of  Radiolarians, 
are  found  in  gravels  all  over  West  Switzerland,  and  they  are  most 
abundant  in  the  Nagelfluh  of  the  Rigi  and  the  conglomerate  of 
Uetliberg. 

In  Hungary  also,  in  chert  and  jasper  of  the  age  of  the  Tithon,  the 
Malm,  and  the  Middle  Dogger,  Riadiolarians  were  discovered. 

The  author  obtained  his  richest  harvest  of  Radiolarians  from 
Coprolites  occurring  mingled  in  beds  of  iron  ore,  which  are  largely 
worked  at  Ilsede,  near  Peine,  in  Hanover.*  The  ore-deposits  rest  on 
Gault-clay  and  are  overlaid  by  Cretaceous  marls,  but  neither  in  the 
rocks  above  nor  in  those  below  were  Radiolarians  discovered.  The  cop- 
rolites in  these  beds  are  round  or  cylindrical  in  form, and  vary  from  the 
size  of  a  lentil  to  that  of  a  goose's  egg,  they  are  largely  employed  for 
making  superphosphate.  The  age  of  these  coprolites  was  determined 
by  the  occurrence  with  them  of  two  species  of  Ammonites;  one, 
A.  tondosuSf  Zieten,  characteristic  of  the  Lower  Dogger,  and  the 
other,  A.  eaprinus,  Schlot,  of  the  Upper  Lias.  The  author  investi- 
gated coprolites  from  the  Lias  of  Lyme  Regis  and  Gloucester,  which 
corresponded  closely  in  character  with  those  from  Ilsede,  but  only  in 
those  from  Gloucester  were  some  few  Radiolarian  remains  discovered. 

Further,  in  red  limestones  of  Middle  Lias  age,  and  in  Chert  of  the 
Lower  Lias  in  Hungary,  Radiolarians  were  also  present.  •• 

The  author  calls  attention  to  the  fact  that  whilst  in  Jurassic  and 
Tertiary  strata  a  Radiolarian- fauna  is  so  largely  developed,  in  the 
intervening  Cretaceous  beds  hardly  a  dozen  species  have  been  found, 
and  it  seems  also  to  be  a  general  rule,  that  where  sponge-remains 
and  foraminifera  are  abundant,  Radiolarians  are  of  rare  occurrence, 
and  vice  versa. 

*  The  geological  horizon  of  these  coprolitic  iron-ore  beds  appears  to  be  the  same 
as  that  of  the  Cambridge  Greensand ;  and  it  is  worthy  of  notice  that  Radiolarians 
haye  been  discovered  by  Prof.  SoUas  in  the  Coprolites  of  this  latter  deposit,  but  they 
have  not  yet  been  described.    See  Quart  Joum.  Geol.  Soc.  vol.  xxix.  1873,  p.  78. 
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With  the  exception  of  two,  apparently  extinct,  genera  (Podocapaa 
and  8alpingocap$a),  all  the  Jurassic  Radiolarians  can  be  included  in 
the  genera  set  forth  in  Haeckel's  Prodromus  Systematis  Radiolarium. 
As  a  rule  these  older  forms  are  more  regular,  simpler,  and  somewhat 
larger  than  the  recent,  and  they  have  less  adornment  and  armature. 

The  species  described  are  clearly  shown  in  18  of  the  accompanying 
plates ;  most  of  the  figures  are  drawn  to  the  scale  of  300  diameters : 
on  plate  xix.  are  figures  of  plant-spores  and  other  doubtful  minute 
objects  met  with  in  connection  with  the  Radiolarians,  and  on  plate  xx. 
some  of  the  spicules  of  sponges  are  figured.  These  belong  to  three, 
if  not  four,  of  the  principal  divisions  of  siliceous  sponges,  and 
include  some  very  peculiar  forms.  One  of  these  resembles  the  so- 
called  plumose  (Tannen-baura)  flesh-spicule  of  certain  recent 
Hexactinellids,  and  is  the  first  hexactinellid  flesh-spicule  which  has 
been  discovered  in  a  fossil  state.  It  would  have  been  more  satis- 
factory to  know  the  scale  on  which  the  spicules  have  been  drawn. 

One  need  hardly  state  that  this  memoir  is  a  very  important  addition 
to  our  knowledge  of  the  microfauna  of  the  Jurassic  strata,  and  is 
strong  testimony  of  the  patient  industry  and  zeal  of  the  author  in 
discovering  these  minute  organisms  from  such  various  sources.  We 
are  promised  future  notices  of  Radiolarians  from  Triassio  and 
Permian  strata,  which  will  be  looked  for  with  much  interest 

G.  J.  H. 

in. — Geology,  Ghbmioal,  Physical,  and  Stbatigraphioal.  By 
Joseph  Prestwioh,  M.A.,  F.R.S.,  F.G.S.  In  Two  Volumes. 
Vol.  L  Chemical  and  Physical.  Royal  8vo.  pp.  xxiv.  and 
478,  with  three  Chromo-lithographic  folding  Maps,  three 
folding  Coloured  Sheets  of  Sections,  and  218  Woodcuts.  (Oxford : 
At  the  Clarendon  Press.  1886.) 

11HIS  is  an  epoch  marked  by  the  production  of  geological  text- 
books. Year  after  year,  a  steady  flow  of  manuals  issues  from 
the  press,  and  one  prophet  after  another  arises,  each  with  some  special 
claim  upon  the  attention  of  teachers  and  students. 

Among  the  vast  array  of  really  good  books  the  treatise  just  issued 
by  the  Clarendon  Press  deserves  our  special  notice,  coming  as  it 
does  from  the  pen  of  Prof.  Prestwich,  one  of  the  oldest  living  exponent!* 
of  the  science,  whose  papers  upon  the  Tertiary  Geology  of  the  South- 
East  of  England,  of  France  and  Belgium,  and  upon  the  Geology  of 
Coalbrookdale,  etc.,  may  be  found  scattered  broadcast  through  the 
Transactions,  Proceedings,  and  Quarterly  Journal  of  the  Geological 
Society,  while  others  upon  cognate  subjects  adorn  the  Philosophical 
Transactions  of  the  Royal  Society  and  the  pages  of  the  Geological 
Magazine. 

The  volume  before  us  is  devoted  to  Chemical  and  Physical  Geology, 
and  will  shortly  be  followed  by  a  Stratigraphical  and  Palasontological 
companion.  Three  very  pleasing  features  in  the  present  book  are 
the  excellency  of  the  paper,  the  typography,  and  the  illustrations — 
matters,  alas !  too  often  neglected,  but  having  a  most  vital  importance 
in  the  success  or  failure,  of  a  work.     Three  chromo-lithographic 
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folding  maps,  three  sets  of  folding  coloured  sections,  and  no  fewer 
than  218  woodcuts  (many  of  which  are  specially  prepared  for  the 
present  work)  adorn  and  make  bright  its  pages,  and  render  good 
service  in  the  elucidation  of  the  author's  views. 

Professor  Prestwich,  in  his  preliminary  remarks,  observes  that 
among  geologists  two  schools  have  arisen,  ''one  of  which  adopts 
uniformity  of  action  in  all  time, — while  the  other  considers  that  the 
physical  forces  were  more  active  and  energetic  in  past  geological 
periods  than  at  present" 

'*  On  the  Continent  and  in  America  the  latter  view  prevails,  but 
in  this  country  the  theory  of  uniformity  ha^  been  more  generally 
hftld  and  taught  To  this  theory  I  have  always  seen  very  grave 
objectioDB;  and  I  felt  I  should  be  supplying  a  want  by  placing 
before  the  student  the  views  of  a  school  which,  until  of  late,  has 
hardly  had  its  exponent  in  English  text-books.''  It  must  be  borne 
in  mind,  however,  that  '*  the  doctrisA  of  non-uniformity  must  not  be 
confounded  with  a  blind  reliance  on  ottUstrophes ;  nor  does  it,  as 
might  be  supposed  from  the  tone  of  some  of  ite  opponents,  involve 
any  questions  respecting  uniformity  of  law,  but  only  tlMse  respecting 
uniformity  of  action." 

''  I  myself  have  long  been  led  to  conclude  that  the  phenomena  oC 
geology,  so  far  from  showing  uniformity  of  action  in  all  time,  present 
an  unceasing  series  of  changes  dependent  upon  the  circumstances  of 
the  time ;  and  that,  while  the  laws  of  chemistry  and  physics  are 
unchangeable  and  as  permanent  as  the  material  Universe  itself,  the 
exhibition  of  the  consequences  of  those  laws  in  their  operation  on 
the  earth  has  been,  as  new  conditions  and  new  combinations  succes- 
sively arose  in  the  course  of  its  long  geological  history,  one  of 
constant  variation  in  degree  and  intensity  of  action." 

Prof.  Prestwich  very  properly  points  out  that,  for  the  student,  the 
first  object ''  should  be  to  study  the  laws  to  which  the  materials  and 
masses  he  has  to  deal  with  are  subject,  and  then  to  consider  what 
may  have  been  their  action  under  varying  conditions  in  past  time." 
With  this  object  the  author  has  divided  his  work  into  four  parts : 
''  The  first,  treating  of  the  composition  of  minerals  and  rocks  forming 
the  crust  of  the  earth ;  the  second,  the  mode  of  action  of  geological 
agencies  under  existing  and  under  past  conditions :  while  the  third 
and  fourth  will  treat  of  the  succession  of  the  groups  of  sedimentary 
strata  and  of  the  life  thereof,  and  of  some  of  the  theoretical  questions 
connected  with  the  physical  conditions  prevailing  during  former 
periods  of  the  earth's  history."  The  four  earlier  chapters  up  to  p.  6L 
comprise  a  consideration  of  the  constituents  of  the  Earth's  crust, 
which  are  enumerated  and  described,  and  all  the  numberless  forms  of 
rocks  resulting  from  the  varying  combination  of  their  constituent 
minerals  are  discussed  and  exemplified. 

The  mode  of  action  of  geological  agencies  should  have  commenced 
at  p.  62  ;  but  Chapter  V.  is  occupied  with  an  account  of  the  "  Order, 
Place,  and  Range  of  past  Life."  This  we  venture  to  think  might 
have  been  held  over  and  formed  a  part  of  Vol.  IL,  in  which  the 
Life-history  of  the  Earth  will  be  discussed. 
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We  live  in  an  age  of  change,  and  in  no  department  have  greater 
changes  arisen  lately  than  in  that  of  Biology.  The  author  has 
hroiight  together  in  this  chapter  a  series  of  tahles  of  classification 
of  each  group  of  the  animal  kingdom ;  hut  as  these  tahles  are  neces-. 
sarily  by  various  authors,  and  of  very  varying  dates  of  publication, 
from  1868  to  1883,  some  at  least  need  emendation. 

Thus  in  the  classification  of  the  Mammalia  (p.  79)  the  Seals, 
(Pinnipbdia)  have  been  placed  with  the  Getacea,  whereas  they  are 
now  universally  placed  with  the  Oabnivoba  ;  and  the  Sloths,  Ant- 
eaters,  and  Armadillos  (Edentata),  have  been  placed  between  the 
Carnivora  and  Rodbntia,  whereas  they  are  now  placed  next  the 
Marsupialia. 

The  Probosoidea,  Paohtdbbmata,  Solipbdia,  and  Buminantia 
are  not  so  arranged  by  later  zoological  writers,  but  they  form  one 
great  order,  the  Ungulata  (or  hoofed  quadrupeds)  divided  into 
various  sub-orders,  as 

Sub- order  1.  Hybaootdba  (Hyrax); 

„        2.  Probosoidea  (Elephants) ; 

„         3.  Ambltpoda  (Dinooeras,  etc.)  ; 

„        4.  Pbrissodaottla  (Tapirs,  Rhinoceroses,  Horses) ; 

„         5.  Artiodaottla  (Pigs,  Deer,  Oxen,  and  Sheep). 

Happily  these  and  other  needful  modifications  can  be  made  in 
Volume  II.,  which  deals  with  the  Life-history  of  the  Earth,  and  is 
not  yet  published. 

On  p.  69  the  Myriopoda  have  accidentally  got  between  the 
Dbcapoda  and  the  Oirbipbdia  ;  and  on  p.  68  Entomostraca  and 
Malacostraca  seem  of  equal  dassificatory  value  with  Inseota, 
the  word  Cbustaoba,  which  should  be  the  leading  one,  being  sub- 
ordinated. The  Abaohnida  and  Mybiopoda  should  not  be  bracketed 
together,  they  are  really  widely  separated  groups.  Neither 
should  the  Marsipobranohii  and  the  Phabtngobbanohii  be 
bracketed  together  (p.  76).  The  first  embraces  the  "  Hag-fish " 
(Myxine)  and  *'  Lamprey  "  (Petromyzon) ;  the  second  a  single  form 
the  "  Lancelot "  (Amphioxus),  so  anomalous  as  to  be  by  some  naturalists 
relegated  to  a  separate  class  I 

It  is,  therefore,  misleading  to  the  student  to  bracket  these 
two  together  with  the  remark  (after  "no  fossil  forms  known") 
•*  ?  Conodonts " ;  for  if  the  curious  little  microscopic  bodies  called 
'*  Conodonts "  met  with  by  Pander  in  Russia  and  by  Hinde  in  the 
Cambro-Silurian  and  Devonian  rocks  of  North  America,  are  fish- 
teeth,  which  is  very  doubtful,*  they  must  have  belonged  to  the  "  Hag- 
fish  "  (Myxine),  and  could  have  nothing  to  do  with  Amphioxus,  which 
is  destitute  of  teeth  or  any  other  hard  organs  whatever. 

But  to  pass  on  to  the  question  [Chapter  YI.  (p.  82)]  how 
"  Sedimentary  strata  are  formed  by  river  and  sea  erosion."  Com- 
mencing in  the  truly  philosophical  *  Lyellian  *  and  '  Darwinian ' 
style  to  argue  from  the  known  to  the  unknown,  we  find  the  author 
teaching  his  students  "  to  study  the  effects  of  the  agencies  at  present 

^  See  Quart.  Jomn.  Geol.  Soo.  vol.  zxxy.  1879,  pp.  361-368,  plates  XT.-xrii. 
Compare  these  with  the  odontophore  of  certain  moUusca,  Strombm,  Caaiis,  Triton,  etc. 
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acting  on  the  surfaoe  of  the  glohe,  in  so  far  as  they  are  of  a  natare 
to  furnish  evidence  which  may  assist  in  the  interpretation  of  the 
mode  of  formation  of  the  sedimentary  strata,  of  the  disturhances  to 
-which  these  strata  have  heen  snhjeoted,  and  of  the  succession  of  life 
of  which  they  contain  the  remains." 

TJien  we  have  Rain  treated  as  a  geological  agent ;  the  formation 
of  Deltas f  their  age ;  Biver  Denudation ;  the  formation  of  Valleys ; 
Drainage-Influences;  the  Canons  of  the  Colorado, — illustrated  by  a 
page-cut  of  Marble-caiion  and  a  glimpse  at  the  Dolores  canon. 

From  this  we  pass  to  the  consideration  of  Marine  Action, — (he 
origin  of  the  coast  shingle  in  the  English  Channel — illustrated  by  the 
famous  case  of  the  Chesil  Bank — and  the  cause  of  the  wear  of  coasts, 
illustrated  by  the  gradual  destruction  of  Lundy  Island,  an  *  outlier ' 
of  the  old  North  Devon  Coast,  the  Chalk  Cliffis  of  Brighton, 
Dover,  etc 

In  Chapter  VII.  the  subject  is  continued,  and  we  are  invited  to 
consider  waste  (by  chemical  solution)  in  the  soluble  matter  carried 
down  to  the  sea  and  into  lakes  by  Rivers;  its  character  and  quantity; 
and  the  resultant  formation  of  Calcareous  strata. 

The  Organic  origin  of  Limestones  is  next  touched  upon,  and  the 
presence  of  soluble  silica  in  Cretaceous  and  Jurassic  strata  is  adduced  as 
evidence  that  a  very  diflferent  state  of  things  existed  then,  to  any  which 
obtains  in  the  present  seas.  May  not  the  soluble  silica  referred  to 
have  been  very  largely  derived  from  the  subsequent  decomposition  of 
the  vast  numbers  of  siliceous  sponges  which  are  known  to  have 
existed  in  the  seas  of  the  Secondary  period?  and  may  not  these 
chemical  changes  have  taken  place  long  after  the  Calcareous  muds 
forming  the  sediments  of  these  Mesozoic  waters  had  been  ac- 
cumulated and  to  a  great  extent  solidified  ? 

The  author  refers  to  the  various  modern  Calcareous  beds  now 
forming,  such  as  the  shell-limestones  accumulating  along  many 
ooasts  like  that  of  Guadaloupe,  the  Canaries  and  the  Island  of 
Ascension.  He  next  glances  at  Deposits  in  Lakes,  of  which  the 
shell-marls  always  form  a  most  interesting  series,  often  rich  in 
organic  remains. 

From  these  the  author  passes  on  to  consider  those  strata  which 
owe  their  present  state  to  subsequent  chemical  reaction,  such  as 
Magnesian  Limestone,  Gypsum  and  Kock-salt. 

Space  does  not  permit  us  to  dwell  longer  on  this  interesting  work. 
The  seventeen  chapters  that  follow  are  not  merely  a  bare  compila- 
tion from  the  works  of  other  observers,  but  Prof.  Prestwich  is  able 
to  bring  much  of  his  own  original  labours  in  the  past  to  bear  upon  the 
subjects  under  consideration,  and  so  to  exalt  the  work  into  a  far 
higher  position  than  that  of  an  ordinary  text-book. 

We  hope  to  come  back  to  its  consideration  at  a  future  day.  A 
most  valuable  feature  of  the  book  is  its  excellent  Index  of  27  pages, 
of  three  columns  to  a  page,  which  renders  the  contents  easily 
accessible  to  all,  and  gives  the  book  a  very  high  place  as  a  work  of 
ready  reference. 
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IV. — MSMOIBS   OF  THE   GkOLOGIOAL   SuBVKT. 

1. — ^ThS     OBOIX)aY    OV    HOLDBBNESS,     AND     THE     AdJOTMINO    PaBTS 
01*  YOBKSHIBB  AND  LiNOOLNSHIBB.      Bj   GlEMBMT   RbID,   F.O.S. 

8vo.  pp.  177.     (London,  1886.)    Price  4«. 

THIS  Memoir  ib  devoted  to  an  aocount  of  the  Glacial  and  Post- 
Olacial  deposits  of  the  Holdemess  district,  that  are  included  in 
the  area  of  Sheets  85,  86,  and  94  of  the  (Geological  Survey  Map. 
The  district  was  surveyed  in  part  by  Mr.  J.  H.  Dakyns  and  in  part 
by  Mr.  A.  0.  6.  Cameron,  as  well  as  by  Mr.  Reid,  who  however  has 
a  personal  knowledge  of  the  entire  region. 

The  Drift-deposits  of  Holdemess  occupy  an  old  bay  bounded  by 
Chalk  hills,  a  bay  whose  form  is  due  to  the  relative  hardness  of  the 
lower  and  upper  beds  of  Chalk,  the  former  standing  out  in  the  bold 
headland  of  Flamborough.  The  Drift-deposits  have  been  banked  up 
against  the  old  line  of  Chalk  cliffs,  in  places  to  a  depth  of  100  feet, 
so  that  while  geologically  speaking  the  ancient  Bay  of  Holdemess 
has  been  preserved,  physically  speaking  it  has  been  obliterated  or 
smothered  up. 

The  oldest  Boulder-clay,  known  as  the  Basement-clay,  is  interest- 
ing from  the  occurrence  in  it  of  transported  masses  of  sand  and  clay 
full  of  mollusca.  These  fossiliferous  layers  have  been  described 
under  the  name  of  Bridlington  Crag ;  but  the  view  that  they  are 
included  in  the  Glacial  Drift,  advocated  by  Mr.  S.  V.  Wood,  has  (with 
a  different  explanation)  been  confirmed  by  Mr.  O.  W.  Laraplugh  and 
Mr.  Beid.  It  was  indeed  previously  announced  in  the  Oeol.  Mag. 
(Vol.  1. 1864),  by  the  late  Dr.  S.  P.  Woodward,  that  the  Bridlington 
deposit  can  no  longer  be  considered  the  equivalent  of  the  Norwich 
Crag,  being  of  an  Arctic  character,  a  conclusion  which,  as  Mr.  Beid 
remarks,  ''subsequent  discoveries  have  only  tended  to  confirm  and 
strengthen."  A  revised  list  of  organic  remains  from  the  Bridlington 
Crag  is  now  published,  and  this  includes,  besides  Mollusca,  Plants, 
Foraminifera,  Cirripedia,  Entomostraca,  and  Yertebrata.  The  Yerte- 
brata  are  probably  derived  from  Crag,  Eocene,  or  older  deposits. 
Bemains  of  Echinodermata  and  Polyzoa  have  been  found,  but  these 
as  yet  are  undetermined.  Mr.  Beid  observes  that  while  the  Base- 
ment-clay is  the  lowest  bed  exposed  in  the  Holdemess  cliffs,  the 
Chalk  is  generally  about  60  feet  beneath  the  sea-level — hence  older 
Glacial  or  even  newer  Pliocene  beds  may  be  concealed  in  places. 

Above  the  Basement-clay,  other  layers  of  Boulder-clay,  known  as 
the  Lower  and  Upper  Purple  Clays  and  the  Hessle  Clay,  are  locally 
to  be  distinguished.  Mr.  Beid  makes  some  important  observations 
on  the  weathering  of  Boulder-clay,  whereby  chalky  Boulder-clay 
passes  into  reddish-brown  stony  loam. 

Associated  with  the  Boulder-clays  are  marine  Inter-Glacial  and 
other  gravels  and  laminated  clays.  The  Inter-Glacial  beds  have 
yielded  mammalian  bones,  and  a  marine  fauna  indicating  a  climate 
that  seems  to  have  been  little  if  at  all  colder  than  that  of  the  same 
region  at  present.  A  full  list  is  given  of  the  organic  remains  found 
at  Kelsey  Hill,  and  other  places,  and  a  column  showing  the  forms 
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found  at  March  in  Cambridgeshire  is  added.  A  description  of  the 
Post-Glacial  deposits  and  their  organic  remains,  contains  the  observa- 
tion that  FelxB  $pe!aa  and  perhaps  Elephas  primigenius  are  true 
Post-Glacial  species.  The  Lion  has  been  found  at  Hornsea,  associated 
with  the  Irish  Elk,  Horse,  and  Bed-Deer,  apparently  in  the  ancient 
deposits  of  the  Here. 

A  chapter  is  devoted  to  the  changes  now  in  progress.  The  serious 
loss  of  land  along  the  coast-line  within  historic  times  is  well  known, 
and  this  is  clearly  illustrated  by  diagrams  or  reproductions  of  charts 
dating  from  1684.  Since  this  period  the  average  rate  of  advance  of 
the  sea  has  in  places  been  about  2^  yards  a  year.  In  other  places 
land  has  been  gained. 

A  concluding  chapter  gives  an  account  of  the  Economic  Qed\ogj — 
soils,  bnckmaking,  etc.,  with  some  mention  of  the  Humber  Tunnel. 
The  Water-supply  is  also  discussed,  and  details  of  a  number  of  Well- 
sections  and  Borings  are  given.  An  appendix  contains  a  list  of 
works  on  Holdemess. 


2.  The  Geology  ow  Bbidlimoton  Bat.    By  J.  R.  Daktns  and 
C.  Fox-Strangwats.     8vo.  pp.  18.     (London,  1885.)    Price  la. 

THIS  is  a  brief  explanation  of  Quarter-sheet  94  N.E.  of  the  Geo- 
logical Survey  Map.  It  includes  an  account  of  the  Chalk, 
Glacial  and  Post-Ulacial  Beds.  Mr.  Reid  contributes  the  List  of 
Fossils  from  the  Bridlington  Crag. 

3.  The  Geology  of  the  South- West  Part  ow  Liuoolnshirb,  with 

Pabts  of  Leioestebshibb  and  Nottinghamshibb.  By  A.  J. 
Jukes-Bbownb,  B.A.,  F.G.S.  (Parts  by  W.  H.  Dalton,  F.Q.S.) 
8vo.  pp.  180.     (London,  1886.)     Price  4«. 

THIS  is  a  description  of  the  rocks  embraced  in  the  area  of  Sheet 
70  of  the  Geological  Survey  Map.  The  area  was  chiefly 
surveyed  by  the  late  Mr.  W.  H.  HoUoway,  other  portions  being 
mapped  by  Messrs.  W.  H.  Penning,  W.  H.  Dalton,  and  A.  J.  Jukes- 
Browne.  The  rocks  include  the  Upper  Eeuper  Marls,  the  Rhsatic 
Beds,  the  Lias,  the  Oolites  from  the  Northampton  Sand  to  the 
Kimmeridge  Clay,  and  various  Glacial  and  Post-Glacial  deposits. 

Detailed  descriptions  of  the  strata  are  given,  and  the  palsBonto- 
logical  divisions,  with  lists  of  fossils,  are  duly  noted.  The  junction 
of  the  Lower  with  the  Middle  Lias  is  taken  at  the  top  of  t^e  clays 
with  AmmoniteB  eapricomus :  so  that  a  number  of  forms  regarded  as 
Middle  Lias  in  Dorsetshire  are  now  placed  in  the  Lower  Lias. 
This  higher  line  was  adopted  by  Prof.  Judd  in  the  Rutlandshire 
district,  and  hence  it  was  desirable  to  continue  it  northwards. 
Ammonites  communis  is  noted  from  the  Middle  Lias,  so  that  our 
notions  of  the  value  of  Ammonites  as  indices  of  zones  are  liable  to 
be  shaken.  It  is  remarked  that  the  zones  of  Ammonites  Humphries- 
ianus  andil.  ParJcinsoni  are  altogether  absent  from  Lincolnshire,  unless 
the  former  is  represented  by  the  upper  portion  of  the  Lincolnshire 
Oolite. 

The  Glacial  deposits  include  representatives  of  the  Chalky  Boulder* 
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claj,  Purple  and  Hessle  Clays,  with  associated  gravels.  The  large 
transported  masses  of  Lincolnshire  Limestone  and  Marlstone,  to 
which  attention  was  first  directed  by  Prof.  Morris,  are  described ; 
and  Mr.  Jukes-Browne  regards  them  as  due,  together  with  the 
Boulder-clay  itself,  to  the  agency  of  coast-ice. 

Among  the  mineral  resources  of  the  district,  the  Lincolnshire 
Limestone  is  noteworthy,  being  largely  quarried  at  Ancaster.  Of 
the  iron-ores,  that  derived  from  the  Marlstone  Kock-bed  is  most 
important,  and  it  has  been  lately  described  by  Mr.  E.  Wilson 
("Midland  Naturalist,"  vol.  viii.  1885).  The  gypsum  in  the  New 
Red  Marls  at  Newark  is  also  extensively  worked. 


4.  The  Obology  ow  Eskdali,  Rosbdalk,  etc.  By  C.  Fox- 
Strangwats,  F.G.8.,  C.  Rbid,  F.G.S.,  and  G.  Barrow,  F.G.S. 
8vo.  pp.  66.     (London,  1885.)     Price  U.  6d. 

THIS  is  an  Explanation  of  Quarter-sheet  96  N.E.  of  the  Geological 
Survey  Map.  It  contains  an  account  of  the  Lias,  the  Oolites 
from  the  Dogger  to  the  Middle  Calcareous  Grit,  and  of  the  Glacial 
and  Post-Glacial  beds. 

The  Upper  beds  of  the  Middle  Lias,  which  constitute  the  Iron- 
stone series,  are  described  in  detail.  They  furnish  the  well-known 
Cleveland  Ironstone.  The  Dogger,  which  occurs  at  the  base  of  the 
Oolites,  is  a  variable  bed  changing  from  limestone  to  sandstone,  and 
in  places  yielding  the  valuable  iron-ore  of  Rosedale. 

In  the  Lower  Estuarine  Series,  above  the  Dogger,  comes  the 
Eller  Beck  Bed,  yielding  marine  fossils,  which  was  described  by 
Mr.  Barrow  in  the  Gbologioal  Magazinb  (Decade  II.  Vol.  IV. 
p.  552).  Higher  up  there  is  a  bed  of  coal  which  has  been  worked. 
The  Grey  Limestone  Series,  and  the  Upper  Estuarine  Series,  the 
Combrash,  Kellaways  Rock,  Oxford  Clay,  and  Corallian  Rocks, 
present  many  features  of  interest,  and  their  palsdontological  contents 
are  duly  noted.  The  Whinstone  or  Cleveland  Dyke  is  an  intrusive 
dyke  of  augite-andesite. 

The  absence  of  Drift  over  most  of  the  country  now  described  is 
remarkable.  Boulder-clay  extends  to  a  height  of  about  800  feet  in 
the  valleys  to  the  north  of  the  table-land,  but  is  not  met  with  in  the 
interior,  nor  has  any  trace  been  found  there  of  local  glaciatiou. 
Hence  it  is  concluded  that  the  uplands  formed  an  insular  space 
round  which  the  ice-sheets  swept,  while  these  high  grounds  were 
not  glaciated. 

5. — Thb  Gbologt  of  thb  Coasts  adjoining  Rhtl,  Abbrgblb  and 
CoLWYN.  By  AuBRBT  Strahan,  M.A.,  F.G.S.  (with  Notes  by  R. 
H.  TiDDBMAN,  M.A..  F.G.S.)  8vo.  pp.  73.  (London.)  Price  la.  6i. 

THE  area  here  described  is  included  in  Quarter-sheet  79  N.W.  of 
the  Geological  Survey  Map,  and  waa  originally  surveyed  by 
Messrs.  W.  T.  Aveline,  W.  W.  Smyth,  and  A.  C.  Ramsay.  The 
ground  having  been  re-surveyed  on  the  scale  of  six  inches  to  a  mile, 
by  Messrs.  Tiddeman  and  Strahan,  the  map  has  been  revised,  and 
this  Explanation  published. 
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The  rooks  indude  Wenlook  Shales,  Carboniferous  Books,  Bunter 
Sandstone,  Glaoial  Drifts  and  Post-Glaoial  Beds.  Between  the  Base- 
ment-beds of  the  Carboniferous  rooks  (red  conglomerates,  etc.)  there 
exists  "one  of  the  greatest  unconformities  to  be  met  with  in  the 
British  Isles,"  the  Silurian  strata  having  been  cleaved,  contorted, 
and  denuded  before  the  overlying  rooks  were  laid  down.  In  the 
pebbles  of  these  Carboniferous  conglomerates  many  Ludlow  fossils 
have  been  found. 

The  principal  formation  described  is  the  Carboniferous  Limestone, 
from  which  many  fossils  have  been  obtained.  The  Millstone  Orit  is 
interesting,  from  the  remarkable  development  of  chert  met  ¥rith. 
Mr.  Strahan  remarks  that  unlike  the  bands  and  nodules  of  chert  in 
the  Carboniferous  Limestone,  this  chert  is  probably  a  siliceous 
sediment  of  extreme  fineness ;  for  not  only  is  it  well  stratified,  and 
evenly  laminated,  but,  by  a  gradual  lithological  change,  it  passes 
horizontally  into  a  fine-grained  quartzose  sandstone,  with  bands  of 
chert,  and  finally  into  a  quartz  grit  with  quartz  pebbles,  in  which 
chert  bands  are  quite  subordinate.  The  Lower  Coal-Measures  and 
Trias  are  briefly  described.  The  whole  of  the  low  ground  and  the 
flatter  parts  of  the  high  ground  are  overspread  by  Drift-deposits 
consisting  of  Boulder-olay  and  Gravels.  The  Post-Glacial  Beds 
comprise  Calcareous  Tufa,  Peat  and  Alluvium,  and  Blown  Sand. 
In  a  Chapter  on  Economic  Geology  accounts  are  given  of  Lead  and 
Zinc  Ores,  HsBmatite,  eta  An  Appendix  contains  a  list  of  works 
on  the  Geology,  eta,  of  Denbighshire  and  Flintshire,  by  Messrs. 
Whitaker  and  Strahan. 


V. — ^Thb  Geolooigal  Eboord. 

THE  "Geological  Record"  was  founded  in  1874,  with  the  object 
of  publishing  a  yearly  register  of  all  publications  relating  to 
Geology,  Mineralogy,  and  Palaeontology.  The  volumes  for  the  years 
1874  to  1878  have  appeared  with  brief  abstracts :  that  for  1879  is  in 
the  press.  These  have  been  prepared  under  the  editorship  of  Mr. 
William  Whitaker,  B.A.,  F.G.S.,  who  has  spared  no  pains,  amid 
many  disappointments  and  delays,  to  render  the  volumes  as  complete 
as  possible. 

The  British  Association  gives  a  grant  in  aid,  sufficing  for  some 
assistance,  the  correction  of  proofs,  etc.  The  greater  part  of  the  work, 
however,  is  done  by  geologists  who  give  their  help  gratuitously. 
There  are  no  funds  available  for  the  purchase  or  exchange  of  pub- 
lications. Hence  the  Editor  is  to  a  very  large  extent  dependent  on 
the  exertions  of  voluntary  assistantf*.  No  doubt  the  delays  have 
tended  to  damp  the  ardour  of  many  who  have  laboured  on  behalf  of 
the  Geological  Eecord. 

Mr.  Whitaker  has  now  retired  from  the  position  of  Editor,  and 
Mr.  William  Topley,  F.G.S.,  Assoa  Inst.  Civil  Eng.,  has  bravely 
undertaken  to  carry  on  the  work.  In  order  to  bring  the  **  Geologi- 
cal Becord  **  up  to  date,  he  has  decided  to  issue  one  volume  for  the 
five  years  1880-1884  with  titles  only,  and  to  resume  the  abstracts 
for  the  year  1885. 
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From  a  circular  juai  uiiBued  we  learn  that  tbe  present  Editor 
would  gladly  welcome  further  assistance,  and  would  be  especially 
thankful  if  authors  would  forward  to  him  brief  notices  of  papers,  etc., 
appearing  in  the  publications  of  provincial  societies,  which  are  often 
not  easily  obtained  in  London.  Authors,  secretaries  of  societies,  and 
editors  of  geological  publications  would  also  greatly  assist  the  work 
by  forwarding  copies  of  their  publications  to  the  Editor  of  the 
'*  Geological  Becord,"  28,  Jermyn  Street,  London,  S.W. 


YI. — Pboobbdings  of  the  Chkstsb  Society  of  Natural  Soienob. 
No.  3.  8vo.  pp.  1 34 ;  9  PUtes.  (Printed  and  Published  by  Giles 
Griffith,  Chester,  1885.) 

rE  present  yolume  includes  fifteen  papers  upon  Tarious  subjects 
read  before  the  Society  from  1878  to  1884.  Of  these  papers 
eight  are  of  geological  and  palssontological  interest. 

The  first  is  by  the  President  of  the  Society,  Prof.  T.  McEenny 
Hughes,  M.A.,  F.G.8.,  entitled  "Notes  on  the  Geol(^y  of  the  Vale  of 
Clwyd."  As  to  the  merits  of  this  paper  it  is  sufficient  to  say 
that  it  is  upon  a  subject  which  is  peculiarly  the  author's  own.  It  is 
illustrated  by  eight  plates  (23  figures),  and  is  a  most  valuable  con- 
tribution to  the  geol(^  of  the  district  After  a  short  introduction, 
the  rocks  found  in  the  Vale  of  Clwyd  are  briefly  described  in  order, 
beginning  with  the  oldest  or  Bala  series,  and  passing  upwards  to  the 
recent  Gave*deposits.  Under  each  formation  we  have  a  list  of  its 
chief  fossils  and  peculiarities  of  structure  and  comparisons  with  the 
same  horizons  in  other  districts,  along  with  valuable  local  notes  as 
to  where  the  most  interesting  sections  may  be  most  easily  observed. 
There  is  a  valuable  note  "  On  the  Weathering  of  Mountain  Limestone," 
explaining  in  a  very  clear  manner  the  formation  of  those  caves  with 
which  we  are  all  so  familiar  in  limestone  districts,  and  at  the  same 
time  mentioning  places  where  the  effect  of  the  weathering  may  most 
easily  be  observed.  It  is  impossible  to  over*estimate  the  importance 
of  such  a  paper  as  this  to  local  geologists  ;  for,  rich  as  it  is  in  facts 
and  details,  it  is  still  richer  in  suggestions  which  need  for  their 
working  out  the  time  and  patience  of  the  local  geologist ;  and  we  do 
not  doubt  that  this  paper  by  the  President  will  originate  much  good 
work,  which  will  appear  in  future  volumes  of  the  Proceedings. 

The  next  paper  is  by  Mr.  Aubrey  Strahan,  M.A.,  F.G.S.,  on  «  The 
Denudations  of  North  Wales."  This  is  an  admirable  paper  by  one 
who  for  a  long  time  was  associated  ¥rith  the  Society  as  Honorary 
Curator  of  the  museum,  when  he  was  engaged  in  the  Geological 
Survey  of  the  district.  In  the  present  paper  Mr.  Strahan  proposes 
to  examine  the  evidence,  affi)rded  by  examples  in  this  district,  of  the 
fact  that  "  while  existing  lands,  being  themselves  chiefly  formed  of 
stratified  marine  material,  occupy  the  sites  of  seas  of  former 
geological  periods,  on  the  other  hand  these  seas  overspread  the  ruins 
of  still  more  ancient  continents."  This  paper  is  one  which  all  local 
geologists  should  read,  and  all  the  places  mentioned  will  well  repay 
a  fre^  visit  in  the  new  light  thrown  on  them  by  Mr.  Strahan's  paper. 

Then  follows  a  paper  by  Professor  Judd,  F.E.S.— "A  Problem 
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for  Cheshire  Geologists."  The  paper  is  an  abstract  of  one  read 
before  the  Society,  Nov.  27th,  1878.  Professor  Judd  shows  that 
the  strata  of  the  varioas  formations  were  originally  much  more 
widely  distributed  over  the  British  Islands  thim  they  are  at  the 
present  day,  and  that  the  breaks  in  their  continuity  must  have 
been  caused  by  subsequent  denudation.  Not  only  is  this  true  in 
the  case  of  the  older  Carboniferous  rocks.  It  is  probable  that 
before  the  deposition  of  the  Tertiary  rocks,  the  greater  part  of 
the  British  Islands  was  "buried  under  the  thick  strata  of  the 
Liassic  and  Oolitic  age,  and  that  a  great  winding  sheet  of  Chalk 
enveloped  nearly  the  whole  of  the  country."  The  greater  part  of 
the  Secondary  strata  has  now  been  removed  by  denudation,  and 
much  interest  naturally  attaches  to  these  isolated  patches  or  "  out- 
liers." One  such  patch  is  in  the  district  lying  between  Audlem  and 
Wem,  and  the  problem  for  Cheshire  geologists,  writes  the  Professor, 
is — (1)  To  determine  the  exact  extent  and  limits  of  the  outlier. 
(2)  The  relations  to  the  surrounding  strata.  (3)  The  nature,  thick- 
ness, and  fossil  contents  of  the  outlier.  We  hope  Cheshire  geologists 
are  now  on  their  way  at  least  to  the  solution  of  this  geological 
problem. 

We  now  come  to  a  very  short  note  on  "  Traces  of  an  Interglacial 
Land-surface  at  Crewe,"  by  that  veteran  geologist  Mr.  D.  Mackintosh, 
F.G.S.  These  traces  the  author  supposes  he  has  found  in  an  exceed- 
ingly fine  and  more  or  less  flexible  kind  of  leaf-clay  which  he 
discovered  at  the  Crewe  Railway  Station. 

The  next  paper  is  one  by  Mr.  W.  Shone,  F.G.S.,  on  "  TheSilting- 
up  of  the  River  Dee:  its  Causes."  As  an  introduction  to  his 
paper,  Mr.  Shone  first  gives  us  some  account  of  the  river  both  in 
historic  and  in  prehistoric  times,  with  some  interesting  quotations 
from  early  writers.  Then  follow  a  number  of  details — the  result  of 
much  patient  obeerTation — as  to  the  rate  of  flow  of  the  tide  up 
the  river,  and  its  rate  of  outflow  back  again  to  the  sea.  Mr.  Shone 
attributes  the  silting-up  of  the  river  to  several  causes  combined,  the 
chief  of  which  are— the  tapping  of  the  water  at  Llangollen  for  the 
canal ;  the  building  of  the  causeway,  and  the  reclaiming  of  the  land 
on  Sealand.  'We  cannot  help  thinking  that,  after  all,  the  real  cause 
of  the  silting-up  of  the  Dee  is  the  extremely  small  amount  of  fresh 
water  whic\i  comes  down  from  Bala  Lake.  We  know  that  in  dry 
seasons,  with  the  exception  of  a  small  quantity  of  water  which  passes 
over  the  mill,  no  water  at  all  finds  its  way  over  the  Causeway, 
and  of  oourse  there  would  be  just  the  same  flow  so  far  as  volume  is 
concerned,  whether  the  Causeway  were  there  or  not  But  the  upper 
part  of  the  river  instead  of  being  practically  a  long  lake  would  be  a 
shallow  muddy  river,  were  the  Causeway  removed. 

Three  papers  follow  by  Mr.  A.  O.  Walker,  the  first  two  on  ento- 
mology and  the  third  on  a  meteorological  subject  The  first,  on 
*'  Climatic  Causes  afiecting  the  Distribution  of  the  Lepidoptera  in 
Great  Britain."  The  second  is  *'  A  List  of  the  Macro-lepidoptera  of 
the  District"  The  third  by  Mr.  Walker  is  on  the  *<  Climate  of  the 
Cheshire  District  in  Relation  to  Fruit-growing." 
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Dr.  StoUerfotli  follows  with  an  aooount  of  his  work  at  "Sur- 
face Dredging  in  the  Dee."  This  paper  is  especially  interesting 
to  mioroscopists,  as  it  deals  entirely  with  diatoms  and  the  lower 
forms  of  animal  life,  and  shows  how  very  abundant  are  the  lower 
forms  of  life  in  the  estuary  of  the  Dee.  Then  four  papers  by 
Mr.  G.  W.  Shrubsole.  The  first  a  note  on  the  Polyzoon,  "  Glauco- 
nome  disUeha,  from  the  Bala  beds  of  Glyn  Geiriog."  In  this  paper 
Mr.  Shrubsole  describes  a  new  genus  of  Polyzoon,  which  for  some 
time  has  been  regarded  as  identical  with  Glauconome  disticha  from 
the  Dudley  beds.  The  new  name  proposed  is  Pinnatopora  Sedgwickii. 
There  is  a  list  of  land  and  freshwater  shells  compiled  by  Mr. 
Shrubsole  "from  local  collections  sent  in  from  time  to  time  at 
the  annual  conversaziones."  It  consists  of  93  species  and  19  varieties, 
and  is  followed  by  a  few  interesting  remarks.  A  paper  "On  the 
Occurrence  of  Caleisphcsra  (Williamson)  in  the  Mountain  Limestone 
of  the  Eglwyseg  rocks,  near  Llangollen,"  by  Mr.  Shrubsole,  follows 
next  In  this  paper  Mr.  Shrubsole  has  brought  together  in  a  clear 
and  concise  manner  all  that  is  known  about  these  curious  fossil 
Rhizopods,  about  which  there  has  been  so  much  dispute  as  to  whether 
we  should  classify  them  with  the  Foraminifera  in  virtue  of  the 
calcareous  material  of  which  their  remains  are  composed,  or  with 
the  Badiolaria  in  virtue  of  their  minute  structure.  There  is  also  a 
brief  note  by  Mr.  Shrubsole  on  the  occurrence  of  Venus  mercenaria. 
Then  follows  a  paper,  by  Mr.  Ruddy — "  A  List  of  Caradoc  or  Bala 
Fossils,  found  in  the  Neighbourhood  of  Bala,  Corwen,  and  Glyn 
Ceiriog"— one  of  the  most  valuable  in  this  number  of  the  Pro- 
ceedings, giving  evidence  of  years  of  patient  work,  and  which  no 
one  who  wishes  to  work  at  the  Bala  beds  can  possibly  afford  to  be 
without  The  last  paper  is  a  botanical  one  by  Mr.  J.  D.  Siddall,  on 
"  The  American  Water-weed,  Anacharis  alsinastrum,  Bab.,"  illustrated 
by  a  carefully  drawn  plate. 
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L— Dec.  16,  1886.— W.  Carruthers,  Esq.,  Vice-President,  in  the 
Chair. — ^The  following  communications  were  read : — 

1.  "Old  Sea-beaches  at  Teignmouth,  Devon."  By  G.  Wareing 
Ormerod,  Esq.,  M.A.,  F.G.8. 

The  author  stated  that  while  old  records  show  that  no  important 
changes  have  taken  place  in  the  level  of  the  Teignmouth  district 
during  the  historical  period,  the  excavations  made  in  recent  drainage- 
operations  in  the  present  year  showed  the  existence  of  at  least  two 
series  of  beaches.  The  oldest  sea-beach,  which  is  a  few  feet  above 
the  present  sea-level,  was  partly  washed  away  and  then  covered  up 
by  later  deposits  exhibiting  evidence,  in  a  number  of  delicate  bivalve 
shells  in  an  unbroken  condition,  of  having  been  deposited  in  a  calm  sea. 

2.  "  On  the  Gabbros,  Dolerites,  and  Basalts  of  Tertiary  Age  in 
Scotland  and  Ireland."    By  Prof.  John  W.  Judd,  F.R.S.,  SecG.S. 
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In  previous  papers  published  in  1874  and  1876,  it  has  been  demon- 
strated by  the  author  that  there  exist  in  Scotland  and  in  Bungary 
igneous  rock-masses  presenting  the  most  perfectly  crystalline 
characters  and  belonging  to  the  Tertiary  period.  It  was  farther 
shown  that  such  highly  crystalline,  plutonic  rocks  are  seen  passing 
insensibly  into  Tolcanic  rocks  of  the  same  chemical  composition — 
gabbros  into  basalts,  diorites  and  quartz-diorites  into  andesites,  and 
quartz-andesites  and  granites  into  rhyolites — the  lavas  in  turn 
graduating  into  the  peifectly  vitreous  types  known  as  taohyly  tes  and 
obsidians. 

The  present  paper  deals  with  the  basic  rocks  of  Western  Scotland 
and  Northern  Ireland,  which  are  shown  to  exhibit  the  most  marked 
analogies  with  rocks  of  the  same  age  in  the  Faroe  Isles  and  Iceland ; 
these  facts  lend  strong  support  to  the  doctrine  of  the  existence  of 
petrographical  provinces.  The  Tertiary  age  of  the  Scotch  and  Irish 
rocks  is  placed  beyond  dispute  by  the  fact  that  they  overlie  uncon- 
formably  the  youngest  members  of  the  Cretaceous  system,  and  are 
interbedded  with  stratified  deposits  of  Lower  Tertiary  age. 

With  regard  to  the  nomenclature  of  these  rocks,  the  identification 
of  the  more  crystalline  forms  with  the  gabbros,  which  was  made  by 
Zirkel  and  Yon  Lasaulx,  is  supported  ;  while  the  use  of  the  term 
**  dolerite  "  as  a  convenient  one  for  the  connecting  links  between  the 
gabbros  and  basalts  is  advocated. 

Of  the  original  minerals  contained  in  these  rocks,  plagioclase 
felspar  (ranging  in  composition  from  anorthite  to  labradorite),  augite, 
olivine,  and  magnetite,  are  regarded  as  the  essential  ones;  while 
enstatite,  biotite,  chromite,  picotite,  and  titanoferrite  are  among  the 
most  frequently  occurring  accessories.  It  is  shown,  however,  that 
these  original  minerals  may  belong  to  different  periods  of  consolida- 
tion. The  Secondary  minerals  are  very  numerous,  including  quartz, 
epidote,  zoisite,  hornblende,  serpentine,  and  zeolites,  with  many  other 
crystallized  and  uncrystallized  substances.  There  are  remarkable 
variations  in  the  relative  proportions  of  the  original  minerals  in 
different  examples  of  the  rock ;  and  by  the  complete  disappearance 
of  one  or  other  of  the  constituents,  the  gabbros  are  sometimes  found 
passing  into  picrites,  eucrites,  or  troctolites. 

In  t£eir  microscopic  structure  these  rocks  present  many  interesting 
features.  From  the  highly  crystalline  gabbros  there  are  two  lines 
of  descent  to  the  vitreous  taohylytes  :  one  through  the  ophiiic 
dolerites  and  basalts,  and  the  magma-basalts  with  skeleton-crystals ; 
and  the  other  through  the  grantiitic  dolerites  and  basalts,  and  the 
magma-basalts  with  granular  microliths.  The  former  are  shown  to 
result  from  the  cooling  down  of  molten  masses  which  were  in  a  state 
of  perfect  internal  equilibrium  ;  while  the  latter  were  formed  when 
the  mass  was  subject  to  movement  and  internal  strain. 

It  is  shown  that  in  the  most  deeply  seated  of  these  rocks  (gabbros) 
the  whole  of  the  iron-oxides  combine  with  silica ;  but,  as  we  approach 
the  surface,  the  quantity  of  these  oxides  separating  as  magnetite 
increases,  until  it  attains  its  maximum  in  the  taohylytes.  In  all  the 
varieties  the  order  of  separation  of  the  different  minerals  is  shown 
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not  to  depend  solely  on  chemical  causes,  but  to  be  influenced  by  the 
conditions  under  which  the  rocks  have  cooled  down. 

Although  these  rocks  are  not  highly  altered  ones,  yet  they  afford 
admirable  opportunities  of  studying  the  incipient  changes  in  their 
constituent  minerals.  The  nature  of  these  changes  is  discussed,  and 
they  are  referred  to  the  following  causes : — (1)  the  corrosive  action 
of  the  surrounding  magma  on  the  crystals ;  (2)  the  changes  produced 
by  solvents  acting  under  pressure  in  the  deep-seated  masses  (these 
have  been  already  described  under  the  name  of  "  schillerization  '*) ; 
(3)  the  action  of  heated  water  and  gas  escaping  at  the  surface ; 
(A)  the  action  of  atmospheric  agents  on  the  rocks  when  exposed  by 
aenudation ;  and  (5)  the  changes  induced  by  pressure  during  the 
great  movements  to  which  rock-masses  are  subjected. 

II.— Jan.  13,  1886.— Prof.  T.  G.  Bonney,  D.Sc.,  LL.D.,  F.R.S., 
President,  in  the  Chair. 


The  President  said.  It  may  not  be  known  to  all  present  this 
evening  that  during  the  past  week  we  have  lost  a  well-known 
member  of  forty  years'  standing.  Prof.  John  Morris  died  last 
Thursday,  and  to-day  some  of  us  have  stood  by  his  grave 
in  Eensal  Qreen  Cemetery.  The  Society  has  lost  its  most 
learned  member,  and  many  of  us  have  been  deprived  of  a  very 
dear  friend. 


1.  "On  some  Fish-remains  from  the  Tertiary  Strata  of  New 
Zealand."     By  James  W.  Davis,  Esq.,  F.G.S. 

A  number  of  fossil  flsh-remains  from  Tertiary  beds  in  New  Zea- 
land have  been  forwarded  to  the  author  by  Captain  F.  W.  Button, 
and  were  described  in  the  present  paper.  The  forms  of  which 
descriptions  were  given  are  two  new  species  of  Lanmaf  Careharodon 
angu»tiJen8,  Agassiz,  and  a  new  Careharodon,  one  new  species  of 
NotidawiB,  one  of  Myliohatis,  and  one  referred  to  Spamodus,  All 
the  above  are  founded  on  teeth.  A  vertebra  of  Lamna  and  a  fish- 
spine  were  also  described,  and  the  collection  contained  a  specimen 
regarded  by  the  author  as  a  fragment  of  a  Reptilian  tooth. 

2.  **  On  a  recent  Section  through  Walton  Common,  exposing  the 
London  Clay,  Bagshot  Beds,  and  Plateau-gravel."  By  W.  H. 
Hadleston,  Esq.,  F.R.S.,  F.Q.8. 

During  the  past  autumn  the  widening  of  the  line  between  Walton 
and  Weybridge  stations  has  afforded  a  very  interesting  section  in  the 
above  beds,  showing  their  relations  to  each  other  with  considerable 
clearness.  Walton  Station  is  68  feet  above  O.D.,  and  immediately 
to  the  westward  the  section  described  in  the  paper  commences,  the 
aorface  of  the  country  gradually  rising  to  a  height  of  about  120  feet 
in  the  plateau  which  separates  the  drainage  of  the  Mole  from  the 
drainage  of  the  Wey.     This  plateau  is  connected  on  the  south  by  a 
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slope  with  the  higher  and  far  narrower  plateau  of  St.  George's  Hill, 
having  an  elevation  of  245  feet. 

For  convenienoe  of  reference  the  portion  of  the  section  more 
particularly  described,  and  which  has  a  length  of  1070  yards,  is 
divided  into  four  blocks : — 

Block  A  extends  from  Walton  Station  to  where  the  unaltered 
London  Olay  is  seen — 313  yards. 

Block  B  extends  from  this  to  the  point  where  the  Bagshot  beds 
are  first  seen  in  situ — 345  yards. 

Block  0  extends  from  the  above  to  the  point  where  the  Bagshots 
are  first  cut  through  to  the  level  of  the  line,  and  the  hollow  filled  up 
with  Plateau-gravel — 165  yards. 

Block  D  exhibits  the  relations  of  the  Bagshots  to  the  Plateau- 
gravel,  where  the  latter  is  most  fully  developed — 247  yards. 

Details  of  Block  A. — ^This  portion  of  the  section  rises  from  zero  to 
12  or  14  feet;  the  first  bed  which  becomes  visible  is  the  *' Top 
Sand,"  and  on  advancing  further  westward  portions  of  a  peculiar 
mixture  of  gravel  and  lumps  of  brown  clay  form  the  sides  and  floor 
of  the  cutting.  This  is  evidently  a  disturbed  series,  and  has  peculiar 
relations  with  a  mass  of  yellow  sand,  mainly  false-bedded,  which  is 
70  yards  long,  and  from  12  to  14  feet  high  at  the  west  end.  The 
London  Clay  in  situ  rises  very  suddenly  beyond  this.  Reasons  were 
given  for  supposing  this  sand  to  be  a  superficial  deposit  against  a 
steeply  eroded  surface  of  London  Clay. 

Details  of  Block  B. — The  London  Clay  of  this  block  has  yielded 
no  fossils,  nor  are  any  Septaria  visible.  The  bedding  is  difficult  to 
distinguish,  but  recent  weathering  has  made  it  more  plain.  This 
seems  to  establish  a  very  slight  dip  towards  the  west  The  surface 
of  the  London  Clay  is  undulating,  and  it  is  overlain  by  from  6  to  7 
feet  of  Plateau-gravel. 

Details  of  Block  C. — In  this  block,  where  the  cutting  has  a  depth 
of  about  24  feet  throughout,  occurs  the  junction  of  the  Lower  Bag- 
shots  with  the  London  Clay,  and  this  is  apparently  an  unconform- 
able one.  Both  the  lithology  and  the  stratigraphy  favour  this  view. 
Nothing  in  the  nature  of  a  lithological  passage  exists.  The  lowest 
bed  of  the  Bagshots  here  is  remarkably  clear  sand  full  of  false- 
bedding,  and  is  succeeded  by  an  argillaceous  series,  also  somewhat 
sandy.  It  was  suggested  that  this  latter  might  be  the  equivalent  of 
the  "  Ramsdell  Clay." 

Details  of  Block  D. — Here  the  Plateau-gravel  attains  its  maxi- 
mum thickness,  since  the  Bagshots  are  cut  through  to  the  level  of 
the  line  in  three  places — depUi  of  cutting  from  24  to  27  feet, — thus 
affording  a  fine  opportunity  for  the  study  of  this  peculiar  deposit. 
Three  horizons  were  roughly  made  out,  or,  rather,  three  varieties 
occurring  one  above  the  other.  Beyond  the  limits  of  the  section  there 
is  more  distinct  evidence  of  at  least  two  groups  in  these  Plateau- 
gravels.     No  materials  from  the  northern  d lifts  are  found. 

Other  sections  in  the  superficial  beds  were  noticed,  and  more 
especially  one  about  the  180-feet  line  on  the  north  slope  of  St. 
George's  Hill,  where  the  oontortions  are  of  considerable  interest. 
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PROF.  JOHN   MORRIS,  M.A.  CANTAB.,  F.G.S.,  ETC. 

BoBN  Febbttast  19th,  1810 ;  Dibd  January  7th,  1886. 

[For  more  than  twenty  yean  one  of  the  Editors  of  this  Magazine.] 

The  new  year  has  gathered  into  its  earliest  gamer  another 
ripened  human  intellect,  whose  influence  and  usefulness  in  the 
Geological  world  for  nearly  50  years  have  done  much  to  promote 
in  others  a  love  for  our  science  to  which  that  life  was  devoted. 

Professor  John  Morris  was  bom  in  the  very  dawn  of 
accurate  Oeological  thought  in  this  country. 

Eight  years  before  his  birth,  in  the  spring  of  1802,  Playfair 
had  published  his  celebrated  **  Illustrations  of  the  Huttonian 
Theory."  In  1807,  a  handful  of  scientific  men  met  together 
and  founded  the  Geological  Society  of  London;  and  from  1799 
to  1815  William  Smith  (better  known  as  "the  Father  of 
English  Geology  ")  was  plodding  over  England,  with  quiet 
unobtrusive  labour,  preparing,  unaided,  his  work,  entitled 
"  Strata  Identified  by  Means  of  their  Organized  Fossils,"  and 
his  great  "  Map  of  the  Strata  of  England  and  Wales." 

In  June,  1812,  James  Sowerby  commenced  to  publish  (in 
about  bi-monthly  parts  of  5  plates  each)  his  "Mineral 
Conchology  of  Great  Britain." 

Such  was  the  condition  of  the  literature  of  our  science  in 
England  early  in  this  century.  There  were  no  text-books  for 
young  geologists  in  those  days,  and  the  science  of  Geology 
was  no  easy  path  to  pursue;  yet  John  Morris  had  already 
taken  up  the  study  of  rocks,  minerals,  and  fossils,  and  com- 
menced to  collect  materials  for  his  "Catalogue  of  British 
Fossils,"  before  the  first  edition  of  Lyell's  "  Elements  "  had 
been  printed,  and  a«  early  as  the  first  appearance  of  his 
"Principles  of  Geology,**  a  little  book  of  one  volume  8vo., 
which  saw  the  light  in  January,  1830,  whilst  Morris,  then 
twenty  years  of  age,  was  engaged  in  business  in  Kensington 
as  a  Pharmaceutical  Chemist. 

The  modest  precursor  to  Morris's  Catalogue  was  printed 
at  Norwich,  and  designated  "A  Synoptical  Table  of  British 
Organic  Remains,  in  which  all  the  edited  British  Fossils  are 
systematically  and  stratigraphically  arranged  in  accordance 
with  the  views  of  the  geologists  of  the  present  day,  and  a 
reference  given  to  their  localities,  strata,  and  engraved  figures, 
by  Samuel  Woodward."  This  little  book  of  fifty  pages,  which 
appeared  in  1830,  gave  all  that  was  known  at  that  date  con- 
ceming  our  British  Fossils. 

Morris  published  the  first  Edition  of  his  Catalogue  in  1845, 
but  he  had  issued  preliminary  notes,  section  by  section,  in  the 
"  Magazine  of  Natural  History  "  from  1839  to  that  date. 

The  second  edition  appeared  in  1854 ;  but  though  constantly 
urged  by  his  friends  to  do  so,  and  incited  by  the  awards  of  the 
Geological  Society,  he  never  achieved  a  third  edition. 
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From  1854  to  1877  Prof.  Morris  held  the  Chair  of  Geology 
in  University  College,  and  during  that  period  he  delivei^ 
no  fewer  than  1100  lectures  to  his  class,  besides  directing 
field-excursions,  and  giving  demonstrations  in  the  Museum. 

Of  the  details  of  his  life  and  work  and  the  well-merited 
honours  that  have  been  conferred  upon  him,  a  full  account 
will  be  found  in  the  Okologioal  Magazine,  Decade  II.  Vol. 
V.  November  1878,  pp.  481-487,  accompanied  by  a  portrait. 

Like  all  men  of  great  mind,  Prof.  Morris  had  his  peculiar 
traits  of  character ;  but  he  will  be  remembered  by  one  thing, 
more  than  any  other,  namely,  his  extreme  readiness  to  impart 
scientific  information  to  those  around  him  out  of  the  vast  (one 
might  almost  say  inexhaustible)  stores  of  knowledge  which  he 
had  for  years  accumulated  in  his  retentive  mind,  and  yet  could 
retail  again  most  accurately  when  needed,  and  even  recall  the 
very  place  in  the  work  from  whence  he  had  culled  it. 

Professor  Morris  was  essentially  a  'young-hearted'  man 
with  his  friends,  and  especially  so  when  out  with  his  class, 
or  with  the  Members  of  the  Geologists*  Association.  Indeed, 
one  has  to  compare  events  and  dates  in  order  to  show  that  he 
was  in  reality  a  survivor  in  our  time  from  the  prehistoric  age 
of  geology.  Morris  was  in  fact  the  contemporary  of  Mantell, 
Buokland,  Fitton,  Searles  V.  Wood,  Bowerbank,  Scrope,  Owen, 
Murohison,  and  Lyell ;  and  of  his  earlier  personal  friends 
amongst  the  great  geologists — alas  1  now  few  indeed  in  number 
— only  Prof.  Prestwich,  F.B.S.,  of  Oxford,  remains. 

It  is  not  without  interest  to  record  that  almost  the  last  piece 
of  work  in  which  he  engaged  was  to  arrange,  compare,  and 
verify  the  original  specimens  of  the  "  William  Smith  Collec- 
tion," preserved  in  the  Geological  Department  of  the  British 
Museum,  the  first  collection  formed  with  a  view  to  prove  that 
strata  could  be  identified  by  their  fossil  contents. 

Ill-health  has  prevented  Prof.  Morris  for  the  past  two  years 
from  attending  scientific  meetings  or  visiting  his  friends,  as  in 
days  of  yore ;  but  up  to  the  last  he  was  cheered  by  nothing  so 
much  as  a  visit  from  a  geological  friend  and  a  chat  about  some 
new  geological  book.  And  whenever  his  health  permitted,  he 
amused  himself  by  continuing  the  preparation  and  revision  of 
the  lists  of  fossils  for  the  third  edition  of  his  Catalogue. 

He  died  on  the  7th  January  from  heart-disease,  and  was 
interred  on  the  13th  at  Eensal  Green  Cemetery,  where  many 
of  his  fellow-geologists  assembled  to  do  honour  to  so  veteran 
an  associate. 

It  will  gratify  the  admirers  of  Pbofbssob  Morris  to  learn 
that  it  is  the  wish  of  his  friends  and  family  to  raise  a  suitable 
and  lasting  Monument  to  his  memory,  and  that  this  memorial 
shall  take  the  form  of  a  Third  Edition  of  Morris's  Catalogue 
OF  British  Fossiiis. — H.  W. 
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I. — On  thk  Pkrhanknok  of  Continents  and  Ookan-Basins,  with 
Special  Eeferenob  to  the  Formation  and  Development  of 
THE  North  American  Continent. 

By  Prof.  Joseph  Lb  Contb. 

UNDER  the  inflaence,  perhaps,  of  the  prevailing  idea  of  evolation 
in  all  things,  the  conviction  has  been  growing  in  the  minds  of 
geologists  in  recent  times  that  the  larger  features  of  the  earth's 
surface  have  grown  from  the  earliest  times,  and  therefore  that  the 
places  of  the  continents  and  ocean-basins  have  been  substantially 
permanent  Prof.  Dana  is  largely  the  originator  and  expounder  of 
this  view,  and  he  has  applied  it  with  great  skill  to  the  American 
continent  But  while  I  believe  the  view  is  substantially  true, 
I  cannot  but  think  that  it  may  be,  and  has  been,  pushed  too  far.  It 
is  true  indeed  that  the  opponents  of  the  view  have  attributed  to  its' 
advocates  a  strictness  in  the  use  of  the  term  *  permanent '  which  they 
have  never  urged.  It  is  true  that  by  permanence  is  meant  only  per- 
manence of  place,  not  of  outline,  and  that  substantial  permanence  is 
not  inconsistent  with  very  large  changes  by  oscillation,  especially  at 
the  end  of  the  great  Eras.  But,  making  every  allowance  for  such 
latitude  of  meaning,  there  has  been,  undoubtedly,  some  confusion 
of  thought  and  looseness  of  statement  on  this  subject  We  give 
a  few  examples. 

Prof.  Dana  in  his  admirable  manual,  p.  149,  gives  a  figure  (fig. 
206),  which  he  calls  **  Archasan  map  of  N.  America."  This  is  really 
a  map  of  Areas  of  exposed  Arehaan  rochst  and  for  such  it  is  doubtless 
intended.  It  cannot,  of  course,  be  a  map  of  the  land  of  Arehaan 
times  (since  Archcean  rocks  were  formed  on  sea-bottom),  but 
is  approximately  a  map  of  land  of  early  Silurian  times.  But  being 
called  an  ArchsBan  map  of  the  continent,  and  being  found  in  the 
chapter  on  Archaean  times,  the  inattentive  reader  is  led  to  infer  that 
it  represents  land  of  that  time ;  more  especially  as  the  rest  of  the 
present  continent  is  spoken  of  and  represented  as  submerged,  and 
therefore  by  implication  this  part  as,  then,  land.  And  as  Prof. 
Dana  afterwards  treats  these  areas  as  the  nucleus  from  which  the 
continent  was  developed,  he  seems  to  begin  this  development  from 
the  land  of  Arehaan  times,  I  am  quite  sure  that  many  have  been 
misled  by  this  figure  and  the  accompanying  statements. 

Again,  Prof.  Chamberlin  in  his  excellent  **  Geology  of  Wisconsin," 
vol.  i.  p.  62,  gives  a  map  somewhat  similar  to  Dana's,  which  he 
dbgadb  in.— vol.  iu.— no.  m.  7 
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calls  a  "  Map  of  Lanrentian  land."  It  is,  of  oourse,  again  a  map  of 
Laurentian  rooks,  and  therefore  not  of  land  of  Laurentian  times. 
But  being  evidently  intended  as  a  map  of  land  of  some  time,  and 
being  given  in  the  chapter  on  Pre- Laurentian  history,  the  inference 
is  unavoidable  that  it  is  intended  to  represent  the  land  at  the 
beginning  of  the  Laurentian  (Archaaan)  time.  It  is  hardly  necessary 
to  say  it  is,  again,  approximately  a  map  of  earliest  Paladozoio 
(Primordial)  times.  Thus  it  has  come  to  pass  that  many,  without 
reflection,  have  held  that  the  development  of  the  American  continent 
may  be  traced  from  a  nucleus  existing  in  Archaean  times.  But  of 
this  there  is  in  fact  not  the  slightest  evidence. 

On  the  other  hand.  Prof.  Hall  has  recently  published  a  very 
interesting  and  suggestive  paper  "On  the  Geological  Age  of  the 
North  Atlantic  Ocean,**  *  in  which  he  tries  to  show  that  the  places 
of  the  present  continents  were  not  declared  until  the  Mesozoic,  If 
this  be  BO,  then  indeed  the  doctrine  of  the  permanence  of  continents 
must  be  given  up  entirely ;  for  the  Mesozoic  and  Cainozoic  together 
form  but  a  small  part  of  the  entire  history  of  the  earth. 

I  believe  that  the  truth  lies  between  these  extreme  views. 
I  believe  that  the  place  of  the  American  continent  was  established 
and  its  nucleus  formed  at  the  beginning  of  the  Primordial  time  ;  and 
that  thus,  in  regard  to  the  development  of  earth  features,  no  less 
than  of  earth  faunas,  the  name  Primordial  is  peculiarly  appropriate. 
This,  I  think,  is  the  real  view  of  Dana.  I  wish  now  to  give 
as  clearly  and  as  briefly  as  possible  what  seem  to  me  the  main 
steps  in  the  history  of  the  American  continent  from  the  earliest  tiroes. 

1.  Of  all  rocks  the  Archssan  ar6  by  far  the  most  widely  diffused 
on  the  American  continent,  although  of  course  largely  covered  by 
later  deposits.  Not  only  do  they  form  the  surface  rocks  over  large 
areas,  but  they  seem  everywhere  to  underlie  other  rocks;  for  wher- 
ever these  latter  have  been  pierced  by  wells  or  cut  through  by 
canons,  we  find  the  Archsean  beneath.  It  is  hardly  too  much  to  say 
that  they  form  the  foundation  rocks  of  the  whole  continent.  If  so, 
then,  of  course,  in  Archcean  times  the  American  Continent  was  aU  sea- 
bottom.  Where  was  the  land  at  that  time  ?  We  know  not  for  certain  ; 
but  the  subsequent  development  of  the  continent  southward  and 
westward  suggests  that  its  place  was  to  the  north-eastward.     This 

I      view  is  farther  strengthened  by  the  fact  that  the  development  of  the 

fa/      European  continent  south-klstward  would  point  to  the  north-west- 

/       ward  as  the  place  of  the  earliest  land.     Prof.  Hull  therefore,  with 

/        much  show  of  reason,  assigns  the  North  Atlantic  as  the  place  of  the 

Archsdan  continent.     The  land  from  which  such  enormous  masses  of 

sediments  were  derived  must  have  been  indeed  of  continental  pro- 

portions,  and  must  have  existed  during  immense  periods  of  time, 

perhaps  equal  to  all  subsequent  times  put  together.     Its  debris 

carried  into  south-eastward  and   south-westward  seas  formed  the 

ArchsBan  rocks  of  Europe  and  America. 

2.  At  the  end  of  the  Archssan,  America  (and  probably  Europe 
also)  became  largely  land.    This  is  a  point  of  very  great  importance, 

1  Trans.  B07.  Dab.  Soo.,  1885,  vol.  ui.  p.  305. 
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bnt  not  generally  recognized.  The  evidence  of  this  fact  is  found  in 
the  eroded  condition,  universal  so  far  as  known,  of  the  Archaean 
rocks  underlying  all  other  rocks,  even  the  lowest  primordial.  No 
one  has  ever  seen  conforniahle  relation  between  the  ArchsBan  and  any 
other  later  rocks.  Not  only  is  this  unconformity  found  all  about  the 
border  of  the  Canadian  Arohsean  area  and  the  Appalachian  area  and 
about  all  the  smaller  areas  in  the  most  widely  separated  parts  of  the 
continent,  but  the  grand  Canon  of  Colorado  cuts  through  the  whole 
stratified  series  and  into  the  Archssan  exposing  the  line  of  contact, 
and  we  find  the  same  unconformity  ;  the  St.  Louis  Artesian  pierces 
the  whole  Palaeozoic,  and  again  from  the  sudden  change  in  the 
character  and  condition  of  the  rocks  from  unmodified  into  metamor- 
phic,  we  must  conclude  unconformity.  But  unconformity  means 
eroded  land  surface.  Therefore  we  must  conclude  that  well-nigh 
the  whole  continent  was  land  at  the  end  of  the  Archaean.  It  is 
almost  certain  therefore  that  at  the  end  of  the  Archaean,  there  was 
a  veritable  exchange  of  sea  and  land,  and  that  the  North  Atlantic 
Archaean  continent  became  sea  at  that  time.  If  so,  the  strata  which 
were  then  formed,  and  of  which  the  eroded  surface  of  Archaean  rocks 
is  the  sign  and  measure,  are  now  beneath  the  sea,  and  therefore  irre« 
coverably  lost  This  period  between  the  Archaean  and  the  Primor- 
dial I  have  elsewhere*  called  the  "Lost  Interval,"  because  we  have 
no  record  of  it  in  the  stratified  rocks.*  Judging  by  the  amount  of 
erosion  of  Archaean  rocks,  and  also  by  the  prodigious  advance  in  the 
progress  of  life  when  the  record  commences  again  in  the  Primordial, 
this  lost  interval  must  have  been  a  period  of  immense  duration. 
There  are  in  the  history  of  the  earth  many  other  intervals,  partially 
or  locally  lost,  represented  by  local  unconformities,  the  most  im- 
portant of  which  occurred  at  the  end  of  the  Palaeozoic ;  but  none  of 
these  are  to  be  compared  with  that  which  occurred  at  the  end  of  the 
Archaean. 

3.  The  Palaeozoic  commenced  with  another  large  crust-movement, 
but  not  a  complete  interchange  of  sea  and  land  as  before.  The 
American  continent  was  again  largely,  but  not  completely  submerged. 
It  went  down  until  only  the  now-known  Archaean  areas,  together 
with  an  eastern  area  of  unknown  size  now  covered  by  the  sea,  were 
left.  The  continent  then  consisted  of  a  large  V-shaped  land-mass 
corresponding  to  the  well-known  Canadian  Archaean  area,  a  large 
eastern  land-mass,  including  the  Appalachian  Archaean  area,  but 
extending  eastward  at  least  as  far  as  the  submerged  continental 
border,  and  a  large  mass  in  the  Rocky  Mountains,  and  especially  in 
the  Basin  region,  while  a  great  interior  continental  sea  occupied  the 
position  of  the  drainage  basin  of  the  Mississippi  river.  The  so- 
called  map  of  Archaean  land  of  Dana  and  Chamberlin  would  repre- 
sent approximately  the  condition  of  things  at  this  time,  if  the  eastern 
border-land  were  extended   as  far  as  the  submerged  continental 

*  Am.  Joum.  Science,  1877,  vol.  xiv.  p.  101.    Le  Conte*8  Elem.  of  Oeol.  p.  291. 

*  Some  intermediate  rooks  have  been  found,  $,g,  the  Kewenawan  series,  but  the 
gap  is  still  immense. 
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border,^  T&tn,  the  Primordial  continent,  wan  the  nnchua,  from  which, 
by  gradual  growth,  as  so  well  shown  by  Dana,  the  American  con- 
tinent was  formed.  This  growth  was  somewhat  regular  during  the 
PalsBOzoic,  but  with  another  large  oscillation  at  its  end.  The 
American  continent  existed,  indeed,  before,  not  however  during  the 
Archaean,  as  many  seem  to  think,  but  during  the  '*  lost  interval "  ; 
but  it  was  almost  destroyed  at  the  beginning  of  the  Palaaozoic,  to 
recommence  its  development  with  the  nucleus  already  described. 
Thenceforward  the  plan  thus  outlined  was  apparently  never  lost. 

4.  During  the  PalsBOzoio  the  growth  of  the  continent  was  com- 
paratively r^ular,  but  at  its  end  coincidently  and  correlatively 
with  the  formation  of  the  Appalachian  Range,  the  eastern  land-mass 
was  greatly  diminished  by  submergence,  and  the  eastern  coast-line 
advanced  westward  far  beyond  its  present  position,  especially  in  the 
southern  part,  probably  as  far  as  the  well-known  position  of  the 
Tertiary  coast-line.  After  this  oscillation,  the  development  was  again 
more  regular,  and  in  its  broader  outlines  is  well  known.  The  great 
interior  Palaeozoic  sea  was  diminished  and  became  the  interior  Cre- 
taceous sea,  and  this  later  retreated  southward,  to  become  finally  the 
present  Gulf  of  Mexico.  There  were  probably  many  other  times  of 
lesser  oscillation.  The  last  of  these  was  in  later  Tertiary  and  early 
Quaternary,  during  which  the  continent  in  its  northern  part  again 
extended  to  the  submerged  continental  border,  with  probable  con- 
nection with  Europe  in  the  North  Atlantic  region. 

Prof.  Hull,  in  his  paper  already  referred  to,  makes  the  changes  in  the 
latter  part  of  the  Palseozoic  and  at  its  end  much  greater  than  I  have 
supposed,  in  fact  equivalent  to  another  almost  complete  exchange  of 
sea  and  land.  According  to  him  (see  his  map,  fig.  3),  during  the 
Carboniferous  the  whole  of  the  North  Atlantic  and  tHe  northern 
parts  of  North  America  and  of  Europe  formed  together  an  enormous 
•  continental  mass,  the  oceanic  part  of  which  was  again  submei^ed  at 
the  end  of  this  period,  to  nearly  the  pi-esent  limits  of  the  two  con- 
tinents. It  is  not  impossible  nor  even  improbable  that  during  the 
later  Palaeozoic  the  American  continent  may  have  grown  on  its 
eastern  margin ;  or  even  that  at  some  time  during  the  long  Palseozoic 
era  there  may  have  been  a  connection  far  to  the  north  between  the 
two  continents  ;  but  of  the  complete  abolition  of  the  Atlantic  Ocean, 
as  shown  on  his  map,  I  confess  I  see  no  sufficient  evidence.  The 
great  thickness  of  the  Carboniferous  strata  would,  it  is  true,  require 
a  large  land-mass  to  the  east ;  but  there  is  no  reason  why  the  eastern 
land-mass,  which  sufficed  to  contribute  the  30,000  feet  of  Silurian 
and  Devonian  sediments,  should  not  have  been  sufficient  to  con- 
tribute the  much  smaller  amount  of  sediments  of  the  Carboniferous 
period. 

To  re-capitulate  briefly:  1.  During  the  Archasan  the  American 
continent  probably  did  not  exist  at  all.    2.  The  first  evidence  we  find 

I  The  Silurian  continent  has  been  thus  extended  by  Prof.  Hull  in  his  map,  fig.  2 ; 
but  why  he  has  carried  the  northern  part  of  the  continental  border  westwara  so  as  to 
cut  through  Labrador,  I  cannot  imagine.  The  whole  of  Labrador  was  surely  land  in 
Primordial  times. 
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of  its  existence  is  during  the  "  Lost  Interyal."  It  was  then  a  large 
land-mass  of  unknown  size  and  shape,  but  evidently  of  continental 
proportions.  8.  At  the  beginning  of  the  Palaeozoic  this  continental 
mass  was  nearly  lost  by  submergence  ;  all  that  remained  being  the 
well-known  ArchsBan  areas,  with  a  large  extension  on  the  eastern 
margin  of  the  present  continent  The^asses  formed  the  nucleus  a>^ 
from  which  grew  the  present  continent,  with  more  regularity  than 
before,  but  with  some  very  large  oscillations,  the  greatest  of  which 
was  at  the  end  of  the  Palaeozoic,  and  the  last  of  which  was  at  the  end 
of  the  Tertiary  and  beginning  of  the  Quaternary. 
Bbbkblbt,  Calipobnia,  January  \ithy  1886. 

II. — ^NOTE  ON  THK   GbOLOGIOAL  HkLATIONS  OF  RoCKS  FROM  ASSOUAN 

AND  ITS  Neighbourhood. 
By  Sir  J.  William  Dawson,  C.M.G.,  LL.D.,  F.E.S. 

DB.  BONNET  having  been  so  kind  as  to  examine  microscopically 
and  describe  a  collection  of  crystalline  rocks  which  I  made 
in  the  vicinity  of  Assouan  on  the  Nile,  I  have  prepared  the  following 
notice  of  the  geological  conditions,  to  accompany  his  descriptions, 
referring,  however,  to  the  notes  on  the  locality  given  in  my  paper 
in  the  Oeolooioal  Magazine  for  Oct.  1884.  Beference  may  also 
be  made  to  the  paper  of  Lieut.  Newbold  in  tbe  Journal  of  the 
Greological  Society,  vol.  iv.,  and  to  that  of  Mr.  Hawkshaw  in  the 
same  journal,  voL  xxiii.  Lartet  has  given  in  his  Geology  of  Pales- 
tine a  summary  of  the  observations  of  Bussegger,  Bivi^re  and  Figari 
Bey  on  the  crystalline  rocks  of  the  Nile,  and  the  allied  rocks  of  the 
Sinaitic  Peninsula  have  been  described  by  him,  by  Bauerman  ^  and 
by  Holland,^  and  more  recently  by  Hull.'  All  these  authors  have 
given,  more  or  less  distinctly,  a  series  of  gneisses  and  micaceous 
and  homblendic  schists  associated  with  intrusive  granites  and* 
diorites  as  the  oldest  rocks  of  these  districts,  and  succeeding  these 
in  geological  age,  certain  slates  and  associated  rocks,  with  porphyry 
and  basanite  in  beds  and  veins. 

The  best  section  which  I  had  an  opportunity  to  examine  of  the 
older  series  was  near  the  town  of  Assouan,  in  a  railway  cutting 
crossing  the  ridge  between  the  river  and  the  valley  lying  to  the 
east  of  the  town,  and  which  exposed  the  beds  in  a  perfectiy  fresh 
and  un weathered  state  for  about  a  quarter  of  a  mile,  beyond  which 
they  were  more  or  less  imperfectly  seen  for  about  800  yards,  until 
they  were  covered  by  the  lower  beds  of  the  Nubian  Sandstone  un- 
oonformably  superimposed  on  them. 

I  have  given  a  section  of  the  beds  exposed  in  this  cutting  in  the 
paper  above  cited.  They  are  nearly  vertical  with  a  strike  N.  10^  E. 
As  seen  in  the  cutting,  about  four-fiftbs  (Series  A  in  Note)  of  the 
thickness  exposed  consisted  of  schists  with  black  mica  and  black 
hornblende,  the  remainder  being  orthodase  gneiss  regularly  strati- 
fied and  numerous  dykes  of  reddish  homblendic  granite  (Series  B, 
in  Note).     Further  to  the  south  the  same  rocks  are  seen  to  be 

^  Quart.  Jonnu  Qeol.  Soo.  toL  zxt*       >  Did.  Surrey  SinaL       *  Mount  Seir. 
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traversed  by  great  dykes  of  diorite,  and  the  mass  or  dyke  of  granite 
which  has  been  the  most  extensively  quarried  is  situated  to  the  north 
along  the  course  of  the  same  ridge.  Some  of  the  crumbling  schists 
seen  in  the  valley  behind  the  town  may  have  been  calcareous,  and 
may  be  associated  with  limestone  now  concealed,  but  no  limestone 
was  observed,  though  the  character  of  the  beds  in  comparison  with 
those  I  have  elsewhere  seen  might  lead  to  the  expectation  of  its 
occurrence  in  the  vicinity. 

The  Nubian  sandstone,  where  it  rests  on  these  rocks,  has,  in  its 
base,  layers  of  conglomerate  and  of  a  calcareo-argillaoeous  indurated 
marl,  but  holds  no  fossils.  It  may  be  of  Cretaceous  age,  but  I  should 
infer,  from  the  character  of  the  fossil  wood  (Araucarioarylon 
uEgyptiacum)^  found  in  it  elsewhere,  and  described  by  Schenk 
in  Zittel's  work  on  the  Geology  of  the  Nubian  desert,  that  its  lower 
beds  at  least  may  be  Permian  or  Carboniferous. 

The  lithological  aspect  of  the  beds  seen  in  the  cutting  at  Assouan 

is  that  of  the   Middle  or  Grenville   series  of  the  Laurentian  in 

*    Canada ;   indeed  I  find  on  comparison  that  the  greater  part  of  the 

rocks  are  not  distinguishable  in  hand  specimens  from  those  occurring 

in  this  series  on  the  Ottawa  River. 

In  the  Island  of  Biggeh,  above  the  cataract,  and  on  the  higher 
parts  of  the  mainland  in  its  vicinity,  there  appears  another  formation 
(Series  C  in  Note),  very  different  in  its  mineral  character,  which, 
though  older  than  the  Nubian  sandstone,  I  believe  to  rest  uncon- 
formably  on  the  older  Assouan  Series.  In  Biggeh  the  latter  is  seen 
in  the  lower  part  of  the  island  in  a  vertical  attitude  and  with  strike 
N.  10^  W.  Strikes  ranging  from  about  N.  10°  W.  to  N.  10°  E. 
appear  to  prevail  in  this  series,  in  the  vicinity  of  the  cataract,  though 
in  one  place  east  of  Assouan  it  was  observed  to  be  N.  7QP  E.  Bising 
above  the  lower  series,  and  apparently  resting  upon  it  unconformably, 
'  is  a  second  series  of  beds  nearly  horizontal,  and  about  100  feet  in 
thickness.     They  are  composed  as  follows  in  ascending  order : — 

(1)  Hard  dark-coloured  quartzose  porphyry,  with  crystals  of  red 
orthoclase. 

(2)  Fine-grained  granulite  or  granite,  possibly  a  remanie  rock. 

(3)  Black  fine-grained  laminated  and  in  some  places  shaly  rocks, 
referred  by  Professor  Bonney  to  quartziferous  kersantite. 

(4)  Granulite,  like  No.  2. 

(6)  Dark-coloured  porphyry,  with  dark  crystalline  paste,  and  large 
crystals  of  opaque  brick -red  orthoclase. 

The  last  is  a  very  thick  bed,  and  dividing  along  straight  jointa  into 
huge  cubical  blocks,  gives  a  castellated  appearance  to  the  hill  and 
oliffs  composed  of  this  formation. 

As  seen  from  a  distance,  these  rocks  of  the  Second  or  Upper 
Assouan  series  appeared  to  be  intrusive  masses;  but  on  nearer 
examination,  they  showed  horizontal  bedding,  and  at  the  base  of  the 
clifis  and  in  their  ravines  were  seen  to  rest  on  the  older  series. 

Assuming  on  the  evidence  of  mineral  character  the  Lower  Assouan 
series  to  be  Laurentian,  and  of  Middle  Laurentian  age,  the  next 

»  See  W.  Carruthers  in  Giol.  Mao.  1870,  Vol.  VII.  p.  806,  PI.  XIV. 
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rooks  to  be  expected  in  ascending  order  would  be  the  Upper  Laaren- 
tian  or  Norian  and  the  Haronian.  To  the  former  the  second  Biggeh 
series  bears  no  resemblance,  but  there  are  known  to  be  in  the  Arabian 
chain,  and  probably  associated  with  the  equivalents  of  the  Assouan 
rocks,  Norian  rocks  of  the  character  of  anorthosite  gneiss,  a  rock 
which  was  used  by  the  ancient  Egyptians  for  statuary,'  but  is  gene- 
rally called  diorite  by  antiquaries,  though  it  differs  very  much  from 
the  true  diorites  of  the  country. 

Dr.  Sohweinfurth  has  sent  me  from  the  districts  of  the  Arabian 
chain  north  of  Assouan,  a  rock  similar  to  the  more  compact  variety 
of  the  dark  Biggeh  rock,  which  he  states  forms  ridges  parallel 
to  the  main  chain  of  crystalline  rocks.  Newbold  refers  to  greenish 
and  chocolate-coloured  schists  and  quartzite,  as  bordering  the  older 
schists  and  granites,  and  Lartet  notices  taloose  and  chloritic  slates 
with  granulite  in  a  similar  relation,  crowned  by  the  celebrated  green 
conglomerate  and  breccia  of  Eosseir  and  Gebel  Doukhan.  Further, 
Russegger  connects  the  red  porphyry  and  petrosilex  porphyry  withr 
large  felspar  crystals  of  Gebel  Doukhan  with  this  second  series,  and 
Lartet  hets  described  the  qnartziferous  porphyry  of  Mount  Hor  ael 
lapping  around  the  granite  nucleus  of  that  mountain. 

It  would  til  us  appear  that  the  old  Lauren  tian  gneisses  and  schists 
of  Upper  Egypt  and  its  eastern  mountain  chain  are  succeeded  by 
formations  which  may  be  held  to  represent  the  Norian  and  Huronian 
series  at  least,  and  I  would  regard  the  Biggeh  formation  or  Second 
Assouan  series  as  consisting  mainly  of  bedded  volcanic  material 
representing  some  portion  of  the  Huronian,  a  formation  which  would 
seem  to  have  been  more  largely  developed  or  to  be  better  preserved 
in  some  parts  of  the  Arabian  chain  to  the  north  and  east,  where  it  is 
also  overlain  by  slaty  rocks,  and  by  the  green  conglomerate  which 
either  constitute  an  Upper  Huronian  series,  or  may  represent  the 
Ammike  and  Kewenian  formations  of  America.  There  would  seem* 
in  this  district  to  be  a  great  geological  hiatus  between  these  old  rocks 
and  the  Nubian  Sandstones. 


m. — Note  on  the  Micbosoopio  Structure  of  some  Rooks  trom 
THE  Neighbourhood  of  Assouan,  collected  by  Sir  J.  W.  Dawson. 
By  Prof.  T.  G.  Bonnbt,  D.Sc,  LL.D.,  F.E.S. 

I  HAVE  not  deemed  it  necessary  to  examine  microscopically  the 
whole  of  the  collection  made  by  Sir  J.  W.  Dawson,  but  have 
selected  a  series  of  fairly  representative  specimens,  sufficient,  I  think, 
to  give  a  general  idea  of  the  principal  varieties.  For  purposes  of 
identification  I  leave  the  reference  numbers  borne  by  the  specimens, 
though  their  sequence  is  accidentaL 

{A,)  Older  Gmbissio  Series,  Assouan. 

(3.)  A  moderately  fine-grained  holocrystalline  pink  and  white 
rock,  speckled  with  black,  of  slightly  gneissic  aspect. 

Microsc, — Quartz,  felspar,  orthoclase  with  some  microcline  and 
plagioclase,  biotite,  occasionally  showing  signs  of  alteration  to  the 

^  The  fine  statae  of  Eapfaia  or  Cephren  in  ike  Boulak  Museum  Is  of  this  stone. 
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usual  green  mineral,  a  little  apatite,  and  a  small  yellowish  mineral 
probably  spbene.  The  rather  irregular  outline  of  the  felspars  and 
the  granular  aggregation  of  the  quartz  resembles  in  some  respects 
the  structure  of  a  gneiss  rather  than  a  granite,  but  it  is  very  probable 
that  this  structure  is  the  result  of  some  pressure  and  crushing  after 
the  consolidation  of  the  rock,  of  which  the  hand  specimen  gives 
indication :  in  all  other  respects  one  would  not  hesitate  to  call  it 
a  granite. 

(4.)  A  rather  fine-grained  holocrystalline  rock,  speckled  pinkish 
and  dark  coloured. 

Microsc, — Quartz,  felspar  (orthoclase,  microcline,  and  plagioclase), 
with  a  considerable  amount  of  brown  mica,  a  little  apatite  and 
epidote  or  sphene,  with  a  very  little  iron  peroxide.  It  is  extremely 
difficult  to  say  whether  this  be  a  gneiss  or  a  granite  crystallizing 
after  the  vein  granite  type  (granulite  of  Fouque  and  L6vy),  modified 
slightly  by  subsequent  pressure.  After  all,  perhaps,  some  of  the  very 
•coarse  ancient  gneisses  may  be  only  crushed  and  recemented  granites. 

(5.)  A  rather  fine-grained  holocrystalline  rock,  speckled  pinkish 
and  dull  green  ;  general  tint  inclining  to  dark. 

Microsc, — The  remarks  on  (4)  will  apply  here,  except  that  there 
is  rather  more  biotite  and  apatite.  The  structure  also  is  more 
gneissic,  but  it  is  very  doubtful  from  indications  given  by  the  slide 
whether  we  can  trust  this,  and  whether  the  rock  may  not  originally 
have  been  a  granite. 

(7.)  A  dark  crystalline  homblendic  rock,  with  a  slightly  fissile 
structure. 

Microse. — Holocrystalline ;  hornblende  and  felspar  (chiefly  plagio- 
clase), a  little  epidote  (probably) ^and  magnetite,  a  flake  or  two  of 
biotite,  and  a  very  little  apatite.  *  Very  difficult  to  decide  upon  the 
origin  of  this  rook.     I  incline  to  think  it  igneous,  and  a  dionte. 

(8.)  A  rather  dark  grey  and  pink,  somewhat  finely  crystalline  rock, 
with  fairly  distinct  foliation. 

Microsc. — Quartz,  felspar, — orthoclase,  a  little  microcline,  plagio- 
clase (?  albite), — biotite,  with  a  little  iron  peroxide,  and  a  very  little 
apatite.  The  structure  much  resembles  that  of  one  of  the  old 
Laurentian  gneisses,  which  is  also  in  aocordance  with  the  macro- 
scopic aspect  of  the  rook. 

(11.)  A  gneiss  distinctly  streaked  with  pinkish  felspathic  and  dark 
homblendic  or  micaceous  bands ;  the  former,  with  occasional  rounded 
felspars,  have  an  aspect  suggestive  of  much  crushing.  This 
appearance  is  fully  confirmed  by  microscopic  examination.  The  rock 
has  evidently  been  once  either  a  homblendic  granite  or  a  granitoid 
gneiss,  and  its  present  structure  is  due  to  great  crashing,  so  that  in 
parts  it  is  like  an  ordinary  fragmental  arkose.  The  dark  mineral 
appears  to  be  chiefly  hornblende,  though  much  biotite  is  also  present ; 
its  crystalline  grains  are  mostly  small.  Orthoclase,  microcline  and 
plagioclase  were  probably  among  the  felspars  of  the  original  rock* 
There  is  some  apatite,  also  sphene  (?),  ilmenite  (?),  and  a  crystal 
of  a  dark  brown  mineral  unknown  to  me. 

(12.)  A  very  dark  distinctly  foliated  schist,  composed  chiefly  of 
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mioa  and  a  decomposed  (?)  felspathio  mineral ;  some  of  the  mica  has 
a  brassy  lustre.  The  attempt  to  obtain  a  slice  of  this  rock  has  been 
a  failure,  as  it  is  so  friable. 

(13.)  A  hard  quartzose  schist,  with  not  much  mica,  and  little 
signs  of  foliation. 

MicroBc — The  principal  constituents  are  quartz,  felspars  of  more 
than  one  species,  and  brown  mica.  The  rock  appears  to  have  been 
squeezed,  but  not  crushed.  It  has  the  aspect  of  a  true  gneiss,  one  of 
the  fine-grained  kinds  that  rather  resemble  quartzites. 

(14.)  Bather  like  (12),  but  with  a  felspathio  vein. 

MieroBc. — Dominant  minerals,  plagioclase,  biotite,  hornblende, 
some  quartz,  but  variable  in  distribution.  Parts  of  the  slide  might 
thus  be  called  homblendic  gneiss,  the  rest  rather  homblendio  mica- 
schist  The  rock  certainly  must  now  be  called  one  of  the  above 
names,  but  there  are  peculiarities  in  its  structure  which  prevent  me 
from  making  any  confident  statement  as  to  its  origin. 

(15.)  A  rather  'slaty'  fine-grained  gneiss,  related  to  (13),  but 
more  fissile. 

MieroBc, — It  has  a  general  similarity  to  (13),  but  contains  more 
mica.     Also  it  has  yielded  more  to  pressure. 

I  may  add  that  among  the  specimens  from  this  series  are  several 
rather  fine-grained  dark  mica-schists  or  very  micaceous  gneisses, 
varying  between  (12)  and  (15),  which  are  so  obviously  representatives 
of  the  '*  metamorphic  "  group  of  rocks,  that  I  have  thought  it  needless 
to  examine  them  under  the  microscope.  They  have  a  general  re- 
semblance to  schists  not  unfrequent  in  the  upper  parts  of  the  Hebridean 
series  of  Scotland,  and  may  be  compared  with  some  of  those  which 
occur  (for  example)  in  the  neighbourhood  of  Oairloch  (Ross). 

(B.)  Bocks  Intbusive  (Dykes,  etc.)  in  Series  A. 

(1.)  A  holocrystalline  rock,  mottled  dark  green  (almost  black)  and 
light  yellowish,  with  porphyritio  felspar  crystals  of  latter  colour, 
sometimes  about  one  inch  long. 

Microae. — Consists  of  quartz,  felspar— orthoclase,  microcline,  plagio- 
clase (albite?) — hornblende,  biotite;  with  a  little  magnetite,  a  good 
deal  of  apatite  in  well-defined  hexagonal  prisms,  and  a  little  of  a 
granular  yellowish  mineral,  probably  sphene.  Thus  the  rock  is 
a  hornblendic-granite ;  it  is  not  very  rich  in  quartz. 

(2.)  Coarsely  crystalline  rock,  with  large  pinkish-red  felspar 
crystals,  quartz,  some  whitish  felspar  and  black  mica.  One  of  the 
granites  commonly  used  in  Egyptian  monuments,  and,  as  is  often  the 
case  with  these,  it  has  a  gneissoid  aspect 

Microsc — Holocrystalline ;  quartz  felspar,  chiefly  microcline,  with 
some  plagioclase,  brown  mica,  with  a  little  hornblende,  a  little  mag- 
netite, some  apatite,  and  a  yellowish  mineral ;  sphene,  or  perhaps 
epidote.  The  irregular  outline  of  the  felspar  and  the  aggregated 
granules  of  quartz  resemble  a  gneiss,  but  this  may  be  due  to  subse« 
qnent  crushing. 

(6.)  A  holocrystalline  rock,  moderately  coarse,  speckled  with  light 
greyish  colour  and  black  (mica). 
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MicroBc. — Quartz,  felspar  (ortboolase,  microcline,  and  plagioolaae), 
a  good  deal  of  biotito  and  hornblende,  rather  rich  in  apatite,  some 
magnetite,  some  sphene  (one  crystal  rather  large),  also  several  long 
oolourlesB  needles,  ?  sillimanite ;  a  hornblendio  granite,  rather  poor 
in  quartz. 

(C)  Upper  Series  at  Biggeh  (Assouan). 

(9.)  A  dark  rather  compact  rock,  with  but  slight  indication  of  a 
schistose  structure. 

MicroBc.  — Holocrystalline ;  quartz,  felspar  (apparently  both  ortho- 
claae  and  plagioclase,  but  not  very  well  characterized),  biotite  and 
hornblende,  with  a  little  magnetite,  apatite,  and  sphene.  It  resembles 
a  hornblende  schist,  but  slightly  foliated,  rather  than  an  igneous  rock. 

(10.)  A  dark  rather  compact  massive  rock  with  rectangular 
jointing. 

Microse, — Holocrystalline,  but  not  coarse,  composed  of  biotite, 
rather  dark-coloured,  but  partly  altered  into  a  gieenish  mineral,  and 
hornblende  with  some  quartz,  and  a  fair  amount  of  felspar,  which 
seems  commonly  to  be  plagioclase;  a  little  apatite,  magnetite  or 
hematite,  and  sphene.  The  mica  (with  perhaps  the  hornblende) 
appears  to  have  been  the  first  mineral  to  crj'Stallize.  The  rock 
appears  to  me  to  belong  to  the  mica-trap  group,  and  to  be  a  quartz- 
iferous  kersantite. 

(16.)  A  dark  rather  fissile  rock,  looking  more  like  a  bad  slate 
than  a  true  schist. 

MieroBC. — At  first  glance  it  seems  very  fragmental,  but  on  careful 
examination  I  feel  convinced  that  we  are  dealing  with  a  crushed 
crystalline  rock,  whic^h  has  consisted  chiefly  of  felspar  and  horn- 
blende. There  is  a  fair  amount  oi  apatite,  and  some  of  the  hexagonal 
crystals  appear  to  have  escaped  the  crushing,  or  have  been  sub- 
sequently formed.  I  notice  a  few  flakes  of  brown  mica  and  there 
are  indications  of  iron  oxides.  Thus  it  is  now  a  schistose  rock, 
not  of  a  highly  metamorphio  aspect,  but  has  been  made  out  of  a 
diorite  or  a  hornblende  schist. 

The  "coarse  dark-coloured  porphyritic  rock"  from  this  series 
(No.  1  of  Sir  J.  W.  Dawson's  series  at  page  440  of  the  volume  of 
this  Magazine  for  1884),  if  1  have  rightly  identified  the  specimen, 
is  holocrystalline  and  it  appears  to  me  to  be  a  tnie  granite.  I  may 
add  in  regard  to  this  "  upper  series  "  that,  if  I  am  right  in  my 
interpretation  of  (16),  the  specimens  do  not  suggest  to  me  the 
necessary  existence  of  a  wide  gap  between  them  and  those  of  the 
lower  series ;  that  some  appear  to  me  igneous  rocks,  and  that  the 
others,  if  not  igneous,  belong  to  a  highly  crystalline  group  of  rocks. 

Bemarrb. 

I  have  had  to  speak  with  some  hesitation  as  to  the  nature  of  certain 
of  the  above  described  rocks.  This  is  always  needful  in  dealing 
with  any  series  of  very  old  rocks,  especially  when  one  has  not  had 
the  opportunity  of  examining  them  in  the  field,  because  we  are  not 
yet  sure  of  the  significance  of  certain  structures  and  their  relation  to 
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the  origin  of  the  rook.  But  while  I  cannot  positively  assert  that 
some  of  the  rooks  included  in  series  A  (Older  Qneissic  Group)  may 
toot  be  rocks  of  igneous  origin,  to  which  a  schistose  structure  has 
been  imparted  by  subsequent  pressure,  I  think  it  highly  probable 
that  they  assumed  their  present  character  at  a  very  remote  period  in 
the  world's  history,  and  may  remark  that  this  difficulty  is  one  which 
frequently  confronts  us  in  examining  the  older  Archasan  series.  But, 
while  admitting  this  uncertainty,  I  observe  in  some  of  the  specimens 
the  structures  which  I  have  been  accustomed  to  note  as  characteristic 
of  the  older  gneisses,  and  was  independently  struck  with  the  resem- 
blance which  some  of  them  presented  to  specimens  collected  by 
myself  in  Canada  and  in  N.W.  Scotland,  especially  in  the  case  of 
(13),  which  is  very  like  to  a  **  quartzose  gneiss,"  high  in  the  Grenville 
series,  shown  to  me  by  Sir  W.  Dawson  in  1884,  near  Papineauville 
Station  on  the  Ottawa  river.  Thus  the  series  as  a  whole  may  safely 
be  regarded  as  petrologically  **  homotazial  "  with  the  middle  part  of 
the  Canadian  Laurentians. 


rV. — On  THi  OoouRRRNCE  OF  Two  Speoibs  of  Madreporaria  in 

THE  Upper  Lias  of  Glouoestbrshire. 

By  EoBEBT  F.  Tombs,  F.G.S. 

THE  few  recorded  Madreporaria  of  the  Upper  Lias  possess  con- 
siderable interest  on  account  of  the  great  generic  as  well  as 
specific  differences  which  exist  between  them  and  those  from  the 
Middle  and  Lower  Lias,  though  it  might  seem  probable  that  the  dis- 
covery of  a  greater  number  of  species  would  diminish  that  dis- 
crepancy. Such  a  conclusion  has  not,  however,  by  any  means  been 
substantiated  by  further  acquaintance  with  those  from  the  Upper 
Lias  of  the  district  of  which  I  am  about  to  speak. 

The  late  Mr.  Charles  Moore  in  his  exhaustive  paper,  ''On  the 
Middle  and  Upper  Lias  of  the  South-West  of  England,'*'  gives 
sections  of  the  Upper  Lias  exposed  in  quarries  on  the  hills  at  Stanley 
and  Dumbleton.  Both  these  places  are  in  the  eastern  part  of 
Gloucestershire,  and  a  reference  to  the  paper  above  quoted  will  show 
that  the  sections  there  very  closely  resemble  each  other.  The  quarry 
on  Stanley  hill  is  now  closed,  but  a  waste  heap  yet  remains,  on  the 
upper  surface  of  which  are  numerous  little  hillocks  of  weathered 
clay  and  shale.  They  represent  the  barrow  loads  of  clay  from  near 
the  bottom  of  the  quarry,  which  have  been  wheeled  out  by  quarry- 
men  preparatory  to  lifting  the  Middle  Lias  Marlstone  below.  The 
influence  of  weather  having  first  reduced  these  hillocks  to  a  light 
blue  or  grey  mud,  and  afterwards  dried  them  into  the  consistency  of 
ashes,  a  considerable  number  of  small  lenticular  corals  were  found 
on  their  surface,  and  many  were  collected  during  the  summer  of  1885 
by  my  friend  Mr.  T.  J.  Slatter,  and  myself.  Belemnites  occurred  in 
great  abundance,  as  well  as  small  Ammonites  (probably  AmmoniUs 
JJollaHdrei),  but  although  in  near  association  with  the  corals,  they 
were  not  found  mixed  together.  In  much  nearer  approximation  were 
^  Proeeed.  Somenet  Arch,  and  Nat.  Hist.  Soo.  vol.  xiii. 
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numerons  small  glittering  crystals  of  pyrites,  small  Gasteropoda, 
fragments  of  Pentacrinites,  and  Acrosalenias. 

With  a  view  to  determine,  if  possible,  the  precise  stratigraphical 
position  of  the  corals,  I  visited  the  Dumbleton  hill  quarry,  only  three 
miles  distant,  still  in  work,  and  satisfactorily  determined  their  horizon. 

The  following  is  ati  accurately  measured  section,  showing  the  beds 
at  present  exposed : — 

ft.  in. 

1.  Surface  soil 4    0 

2.  Fish  bed,  fine  grained  and  laminated  stone,  with  Saurian  remains, 

Lfpt>lepis  eoncentrtcus,  said  insecta   1  0 

8.  Laminated  blue  shales U  0 

4.  Layer  of  intermittent  nodules  of  hard  stone  containing  fucoids  0  3 

6.  Laminated  blue  shale,  like  No.  3... 3  0 

6.  Whitish  grey  cla^,  hard  and  breaking  up  into  angular  lumps,  and 

weathering  into  a  soft  light-colourea  clay    0    9 

7.  Hard  light  blue  shale,  in  the  lower  part  of  which  are  many  Belemnites, 

and  in  the  upper  part  numerous  small  cubes  of  pyrites,  small 
Ammonites  (A.  Bollandrei)  and  Gasteropods 1     3 

8.  Friable  shale,  haying  the  appearance  of  soft  marlstone,  brown  or 

ferruginous  in  colour,  and  sometimes  micaceous  1    0 

9.  Middle  Lias  Marlstone,  very  fossiliferoujB  3    0 

28  3 
All  the  beds  downwards,  until  we  arrive  at  No.  6,  are  finely 
laminated,  and  it  would  be  time  wasted  to  seek  for  corals  in  them. 
However  beds  6  and  7  are  wholly  different  The  first  of  these. 
No.  6,  is  light-coloured  and  hard,  breaking  up  with  the  hammer  into 
more  or  less  square  or  angular  lumps.  It  appears  to  contain  very 
few  fossils.  No.  7,  like  the  one  above  it,  is  not  laminated,  but  is 
bluer,  softer,  and  much  more  fossiliferous.  Near  to  the  bottom  of 
it  are  Belemnites  in  abundance,  and  it  also  contains  a  great  many 
small  specimens  of  Ammonites  Hollandrei.  Very  near  to,  or  at  the 
top,  are  a  great  number  of  crystals  of  pyrites,  similar  to  those  at  the 
Stanley  hill  quarry.  These  two  beds  weather  down  into  a  soapy  and 
disagreeable  mud,  and  this  perhaps  accounts  for  their  having  been 
wheeled  well  back  on  to  the  top  of  the  waste  heap  out  of  the  way, 
both  at  Stanley  and  Dumbleton.  The  corals  are  much  less  common 
at  the  latter  than  at  the  former  place,  only  two  specimens  having 
been  met  with.  Both  were  in  close  proximity  to  the  layer  of  pyrites, 
and  in  the  top  part  of  bed  No.  7,  or  in  the  division  between  that  bed 
and  No.  6.  At  Stanley  hill,  where  the  corals  are  plentiful,  they 
were  found  either  in  association  with  the  pyritic  crystals,  or  in  a 
lighter  coloured  mottled  clay,  such  as  would  be  caused  by  the 
weathering  down  and  mixture  of  beds  Nos.  6  and  7.  The  conclusion 
at  which  I  arrived,  after  making  examination,  was,  that  they  lie 
chiefly  between  the  two  above-mentioned  beds,  and  that  they  denote 
a  quiet  period  during  the  deposition  of  the  transition  beds  from  the 
Middle  to  the  Upper  Lias.  This  is  also  the  position  of  the  peculiar 
so-called  MonUivaltia  which  occurs  in  the  transition  beds  ^m  the 
Middle  to  the  Upper  Lias  at  Adderbury  and  Chipping  Warden, 
Oxfordshire,  to  which  I  gave  the  name  of  MonUivaliia  tvberculcUcu 
Bed  No.  8  is,  without  doubt,  the  top  of  the  Middle  Lias,  dif- 
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fering  only  from  the  Marlstone  beneath  in  being  less  oompact. 
As  I  have  already  stated,  the  late  Mr.  Moore  gave  sections  of  the 
Upper  Lias  exposed  in  the  quarries  on  the  hills  at  Stanley  and 
Dambleton,  a  reference  to  which  will  show  that  the  two  sections 
very  closely  resemble  each  other. 

In  the  paper  alluded  to  is  also  a  detailed  section  of  the  Upper 
Lias  at  II minster,  from  which  Mr.  Moore  obtained  the  corals  figured 
by  MM.  Milne  Edwards  and  Haime,  under  the  names  of  Thecoeyc^ 
thus  Mooreif  and  Trochocyathus  primua.  A  comparison  of  the 
Ilminster  section  with  the  one  here  given  of  the  Upper  Lias  at 
Dumbleton  hill  will  show  that  the  corals  from  the  latter  place  and 
from  Stanley  hill  occupy  a  very  di£ferent  place  in  the  section  to  the 
species  just  mentioned ;  but  they,  as  already  observed,  correspond 
stratigraphically  with  those  from  Adderbury  and  Chipping  Warden, 
and  one  of  the  species,  as  I  shall  show,  is  the  same. 

Two  species,  representing  two  genera,  were  collected  at  Stanley 
hill,  namely  Thecocyathus  and  Trochocyathus. 

Thboootathus  tuberculatus.  Tomes. 
MontlivaUia  f  tubereulata,  Tomes,  Quart.  Journ/  Geol.   Soc,  yol.  xxxiy.  p.  192, 
1878  (read  1877). 

The  greater  number  of  the  specimens  collected  at  Stanley  hill  are 
referable  to  the  species  which  I  have  erroneously,  but  with  an 
expression  of  doubt,  described  as  a  MontlivaUia,  under  the  name  of 
MontlivaUia  f  tubereulata.  Their  state  of  preservation  being  very 
superior  to  that  of  the  Oxfordshire  specimens,  from  which  I  took  my 
description,  I  am  now  enabled  to  amend  it  very  considerably,  and  to 
place  the  species  in  another  genus. 

All  the  Stanley  hill  specimens  are  rather  smaller  than  the  ones 
from  Adderbury  or  Chipping  Warden.  The  general  form  of  the 
oorallum  is  similar  in  the  specimens  from  all  these  localities, 
and  the  calice  of  those  most  satisfactorily  preserved  is  superficial, 
and  varies  from  a  slight  convexity  to  a  slight  concavity.  There  are 
three  complete  cycles  of  septa  and  a  rudimentary  fourth.  Those  of 
the  first  pass  quite  into  the  columella,  and  those  of  the  second 
approach  it  very  nearly.  The  septa  of  the  third  cycle  are  two-thirds 
the  length  of  those  of  the  second.  Those  of  the  first  and  second 
cycles  have  their  outer  half  orenulated  rather  than  tuberculated, 
while  their  inner  half  has  strongly  marked  paliform  tubercles, 
which  are  four  in  number  on  the  primary  septa,  and  three  on  the 
secondary  ones.  Sometimes  there  is  a  single  paliform  tubercle  on 
the  septa  of  the  third  cycle,  but  this  does  not  seem  to  be  a  constant 
character,  and  its  appearance  is  perhaps  regulated  by  the  age  of  the 
individual.  In  some  specimens  these  tubercles  are  much  more 
prominent  than  in  others,  but  all  in  the  same  calice  have  an  equal 
prominence  and  are  equal  in  size.  The  columella  has  very  little 
prominence ;  it  is  small,  porous,  and  irregular,  and  the  tubercles  on 
its  upper  surface  correspond  with  those  on  the  septa  from  which,  in 
the  unworn  calice,.  they  are  undistinguishable.  The  appearance 
presented  by  the  most  perfect  examples  is  that  of  a  central  area 
filled  with  equal,  round,  and  equally  prominent  tubercles ;  but  when 


Digitized  byVjOOQlC 


110  It.  F,  Tomes — Liassic  Madreporaria. 

tbe  oalioe  is  rubbed  or  worn  down,  tbese  all  disappear,  and  tbe 
simple  septa  are  seen  to  pass  quite  up  to  tbe  columella.  The  sides  of  all 
tbe  septa  have  rather  distant  but  well  defined  and  prominent  tubercles. 

Compared  with  Thecocyathua  macira,  tbe  present  species  differs 
in  its  smaller  size,  its  mucb  more  rugose  epitbeca,  and  in  its  pali, 
tbe  margins  of  which  are  mucb  more  tubercular.  The  tubercles 
are  undistinguisbable  from  those  of  tbe  columella,  witb  whicb  they 
appear  to  blend. 

I  may  take  this  opportunity  of  observing  tbat  witb  success  to  a 
considerable  collection  of  specimens  of  Thecocyaihus  macira,  and 
Thecocyaihua  tintinnahidum,  as  well  as  to  a  number  of  species  of 
ThecocyathuB  Moorei  from  the  Upper  Lias  of  Ilminster,  I  am  not  only 
satisfied  of  tbe  distinctness  of  the  species  from  tbe  Upper  Lias  of 
Qloucestersbire  and  Oxfordsbire  from  tbe  others,  but  am  fully  pre- 
pared to  follow  M.  de  Fromentel  in  putting  togetber  as  one  species 
Thecocyathua  mactra  and  Thecocyaihua  ttniinnahulum, 

1  also  avail  myself  of  tbe  present  occasion  to  make  a  few  remarks 
on  the  genus  Thecocyaihua.  Amongst  tbe  most  ancient  of  tbe 
TurhinoHda,  this  genus  might  not  unnaturally  be  expected  to  possess 
characters  approximating  it  in  a  greater  or  less  degree  to  tbe  Lower 
Mesozoic  Aatreeida,  witb  whicb  in  time  it  is  so  nearly  associated. 
None  of  tbe  Turhinolida  have  to  my  knowlege  been  met  with  in  tbe 
Lower  or  Middle  Lias,  but  I  may  observe  that  altbougb  tbe  Mont- 
livaltia  radiaia,  of  Duncan,  wbich  occurs  in  tbe  bottom  of  tbe  Middle 
Lias,  or  perhaps  at  tbe  junction  of  tbe  Middle  witb  tbe  Lower  Lias, 
bas  an  abnormal  and  primitive  number  of  primary  septa,  it  never- 
tbeless  bus  a  very  thin  epitbeca  scarcely  obscuring  tbe  costsd, 
which  is  quite  unlike  tbat  of  any  genus  or  species  of  older  datei 

Again,  the  sides  of  tbe  septa  of  Montlivaltia  mucronata,  whicb  is 
found  associated  witb  tbe  last  species,  are  ornamented  with  thickly 
crowded  flattened  tubercles,  instead  of  tbe  vertical  ridges  whicb 
characterize  nearly  all  the  Jurassic  Montlivaltia,  Tbese  peculiarities 
seem  to  indicate  some  affinity  in  botb  tbese  species  witb  more  recent 
forms. 

In  Thecocyaihua  tuhereulatua  we  bave  a  very  modified  development 
of  the  inner  ends  of  tbe  principal  septa,  whicb  is  no  doubt  equivalent 
to  tbe  growth  of  pali,  and  thQ  same  sort  of  development  takes  place 
to  a  considerable  though  more  limited  extent  in  Thecocyaihua  Moorei^ 
for  I  observe  that  when  tbe  calice  is  ground  or  worn  down,  tbe  pali 
are  witb  difficulty  traceable.  Some  of  the  mucb  worn  specimens  are 
undistinguisbable  from  Montlivaltia,  baving  columellas  formed  by 
tbe  fusion  of  tbe  septa  in  tbe  centre  of  the  visceral  cavity.  Tbe  genus 
Thecocyaihua  must  therefore,  I  think,  he  regarded  as  very  sub-typical 
of  tbe  Turbinolida — tbe  precursor,  in  fact,  of  tbe  more  typical  genera. 

Nearly  allied  to  Thecocyaihua  is  Trochocyathua,  but  unlike  tbe 
former,  wbich  continued  into  tbe  period  of  the  Lower  Oolite  and 
no  longer,^   tbe  latter  lived  on  tbrougb  tbe  Secondary   and  into 

1  I  limit  my  remarks  to  such  species  of  Theeocyathut  as  haye  been  met  with  in 
this  country,  one  of  which  has  been  obtained  from  the  Inferior  Oolite  of  Dorsetshire. 
M.  de  Fromentel  describes  four  as  occurring  in  the  French  Oolites. 
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Tertiaiy  times.  Trochocynihts  primus,  whiob  has  been  found 
associated  with  Thecoofathits  Moorei  high  up  in  the  Upper  Lias 
of  Somerset,  is  a  very  doubtful  form,  and  the  same  may  be  said 
of  the  still  earlier  species  spoken  of  in  the  present  paper.  But  in 
JVochocyathus  magnevillianua  we  have  proof  of  the  occurrence  of  an 
nnquestionable  and  more  typical  Turbinolian  in  the  Inferior  Oolite. 
Of  its  precise  position  there  I  am  unable  to  speak,  but  have  great 
reason  for  supposing  that  it  is  only  a  little  removed  from  the  Cepha- 
lopod  bed  of  the  Upper  Lias. 

Troohocyathus, 

With  the  preceding  species  occurs  another  coral  which  I  refer  to 
the  genus  Drochoeyathtis.  All  the  specimens,  which,  however  are  few 
in  number,  are  small  in  size  and  broadly  attached,  and  in  this 
respect  are  more  like  examples  of  the  genus  Paracyaihua  than 
Trochocyathus,  They  are  wholly  destitute  of  epitheca,  and  their 
mural  oostsB  are  well  defined  and  have  transverse  crenulations.  The 
calice  is  ovoid,  convex,  and  consists  in  all  the  specimens  I  have 
examined  of  a  confused  mass  of  tubercles,  which  are  more  distinct 
towards*  the  centre  than  outwardly.  Neither  the  cycles  of  the  septa, 
nor  the  pali  can  be  satisfactorily  traced. 

Height  of  the  oorallum,  1  line.  Greatest  diameter  of  the  calice, 
1^  line. 

V. — On  a  Kbcbnt  Lko^l  Dbcision,  of  Importance  in  Connection 

WITH  Water  Supply  from  Wells.* 

By  W.  Whitakbr,  B.A.,  F.G.S.,  Assoc.  Inst  C.E. 

ABOUT,  or  nearly,  forty  years  ago,  two  deep  wells  (with  borings) 
were  made  at  Brentford,  which,  passing  through  Gravel,  London 
Clay,  and  the  Lower  London  Tertiaries,  reached  the  Chalk  at  a 
depth  of  about  315  feet,  and  were  carried  some  way  into  the  last. 

One  of  these  wells  is  at  the  Brewery  on  the  southern  side  of  the 
High  Street,  now  known  as  the  Koyal  Brewery,  and  it  continued  in 
use  till  its  water  became  unfit  for  brewing-purposes,  from  the  cause 
noted  below.  The  other  is  99  yards  off,  north-eastward,  at  some 
printing-works  at  the  back  of  the  houses  on  the  other  side  of  the 
street.  This  one  was  made  for  a  Distijlery  which  has  long  ceased 
to  exist ;  the  well  too  having  been  abandoned,  at  least  for  its  original 
purpose  of  water-supply. 

Unfortunately,  however,  some  years  ago  (from  1874  to  1882)  the 
Distillery  well,  as  we  may  call  it,  was  turned  to  a  baser  use,  being 
made  into  a  cess-pit,  by  turning  into  it  the  drainage  of  the  privy 
belonging  to  the  printing-works.  This  misuse  has  ceased  for  some 
three  years ;  but  not  before  a  considerable  deposit  had  been  formed 
in  the  well. 

The  water  of  the  Brewery  well,  once  of  good  quality,  having 
been  found  to  have  become  gradually  contaminated,  the  owner,  Mr. 
M.  Ballard,  sought  to  discover  the  cause,  and,  the  misuse  of  the 

^  Bead  before  the  Congress  of  the  Sanitary  Institute  of  Great  Britain,  at  Leicester, 
8«pt  25,  1885.    Extracted  from  toI.  tU.  of  the  Transactions  of  that  InBtitute. 
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Distillery  well  having  oome  to  his  ears,  he  was  led  to  attribute  to 
that  the  falling  o£f  in  quality  of  his  own  well-water,  the  use  of 
which  was  at  once  discontinued. 

This  led  to  his  bringing  an  action  against  the  owner  of  the 
Distillery  well,  Mr.  Tomlinson,  for  heavy  damages,  and,  although 
the  misuse  of  that  well  was  then  stopped,  of  course  its  effects  on  the 
water  of  the  Brewery  well  did  not  cease,  and  were  not  likely  to  for 
some  time.  Having,  in  the  course  of  the  proceedings,  been  consulted 
on  the  Plaintiff's  behalf,  I  may  be  allowed  to  call  public  attention 
to  the  importance  of  the  question  at  issue. 

That  the  two  wells  get  their  water  from  one  common  source,  the 
Chalk  (and  perhaps,  to  some  extent,  from  the  overlying  sands),  is 
incontestable.  When  no  pumping  goes  on  at  either,  the  water-level 
is  the  same  at  both,  about  27  ft.  down  in  the  Brewery  well,  and  37  ft. 
in  the  other,  the  site  of  which  is  some  10  ft  higher. 

Practical  evidence,  however,  of  the  communication  between  the 
two  was  given  by  the  Brewery  well  being  pumped  for  48  consecutive 
hours,  whereby  its  water-level  was  lowered  78  ft.  9  in.,  and  that  of 
the  Distillery  well  14  ft.  In  order,  moreover,  to  make  assurance 
doubly  sure,  the  lithium-test  was  applied  at  the  suggestion  of  Dr. 
Frankland,  and  some  of  the  lithium-chloride  put  into  the  Distillery 
Well  was  found  to  have  been  drawn  to  the  Brewery  well  48  hours 
afterwards 

The  question,  therefore,  of  communication  between  the  two  wells 
could  not  be  disputed ;  it  was  clearly  a  fact,  and  the  Defendant's 
case  was  based  on  purely  legal  pointa,  which  amounted  practically 
to  the  statement  that  any  man  could  do  as  he  liked  with  his  own 
well,  a  contention  which  was  successful  at  the  trial  before  Mr. 
Justice  Pearson,  in  February,  1884. 

The  judge  ruled  that,  as  it  had  been  decided  in  the  well- 
known  case  of  Chasemore  v,  Eichards,  no  one  had  a  right  to  under- 
ground water  so  far  as  quantity  is  concerned,  or  in  other  words  that 
neither  Plaintiff  nor  Defendant  could  be  restrained  from  pumping 
each  other's  wells  dry,  or  from  carrying  out  works  that  might  take 
away  each  other's  supply,  so  also  there  was  no  right  in  quality; 
but  that  the  Plaintiff,  whilst  having  a  perfect  right  to  pump  as  much 
water  as  he  liked,  so  as  to  draw  away  water  from  the  Defendant's 
well,  must  take  that  water  subject  to  everything  that  has  occurred 
to  it.  If  he  did  not  pump  up  the  water  from  his  own  well,  he 
would  not  get  the  bad  water  from  the  neighbourhood  of  the 
Defendant's  well.  I  must  own  tliat  to  my  unlegal  mind  the  idea  of 
having  a  well  without  pumping  water  from  it  was  somewhat 
amusing,  and  I  was  inclined  to  infer  that  if  it  had  been  a  case  of  an 
overflowing  well,  from  which  the  water  was  delivered  by  the  natural 
force  of  gravity,  instead  of  by  the  artificial  force  of  a  pump,  the 
decision  might  have  been  different,  though  why  I  do  not  see. 

In  his  decision  the  judge  seems  to  have  been  somewhat  influenced 
by  the  possibility  that,  if  the  law  were  otherwise,  actions  might 
ensue  for  like  pollutions  at  great  distances,  instead  of  the  trifle  of  100 
yards  as  in  this  case,  and,  in  his  judgment,  he  imagines  a  series  of 
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litigants  spreading  the  grounds  for  such  an  action  over  a  distance  of 
60  miles.  Though  to  a  lawyer  this  may  seem  an  inconvenient 
prospect,  I  think  that  sanitarians  may  he  inclined  to  look  on  it  with 
no  disfavour. 

The  result  of  such  a  judgment  amounts  of  course  to  saying  that 
no  underground  water-supply  is  safe  from  contamination,  even  if 
wilfully  brought  about.  Should  your  neighbour  have  a  well  with 
a  good  supply,  and  you  wish  to  spite  him,  or  to  spoil  his  business, 
all  that  is  needful  would  be  to  put  down  a  bore  to  the  source  of 
supply,  and  to  pour  some  poison  down  it  I  This  matter,  I  believe, 
was  noticed  by  one  of  the  Plaintiff's  counsel.  Perhaps,  however,  in 
in  such  a  case,  or  in  one  where  sewage  containing  typhoid,  or  chole- 
raic, evacuations  was  knowingly  poured  into  a  well,  so  as  to  foul 
a  neighbouring  one,  the  offender  might  be  convicted  of  manslaughter, 
in  a  criminal  case,  though  (under  Mr.  Justice  Pearson's  judgment) 
he  would  get  the  best  of  a  merely  civil  action  !  This  would  certainly 
be  a  somewhat  anomalous  state  of  things,  even  as  regards  English 
law! 

So  many  towns,  institutions,  and  manufactories  now  get  their 
water-supply  by  wells  in  the  Chalk,  and  in  other  great  water-bearing 
beds,  that  the  result  of  such  a  judgment  passing  unchallenged  would 
have  been  most  serious.  It  would  possibly  indeed  have  been  a  great 
check  to  enterprise  in  that  direction,  as  water  thus  got,  perhaps  at 
great  expense,  might  at  any  time  be  made  worse  than  that  got  from 
streams  which  are  more  or  less  contaminated. 

The  Plaintiff,  however,  was  advised  to  take  the  case  to  the  Court 
of  Appeal,  and  all  folk  interested  in  the  getting  of  pure  water  should 
thank  the  Master  of  the  Rolls,  and  the  Lords  Justices  Cotton  and 
Liudley,  for  unanimously  over-ruling  the  judgment  of  the  Court 
below,  as  they  did  in  February,  1885. 

The  Master  of  the  Rolls  holds  that  ''although  nobody  has  any 
property  in  the  common  reservoir  or  source  [of  underground  water], 
yet  everybody  has  a  right  to  appropriate  it  in  its  natural  state,  and 
no  one  of  those  who  have  a  right  to  appropriate  it  has  a  right 
to  contaminate  that  natural  source  so  as  to  prevent  his  neighbour 
from  having  the  full  value  of  his  right  of  appropriation ; "  and  he 
goes  on  to  say,  in  answer  to  an  objection  that  the  water  is  got  by 
artificial  means  (pumping),  that  "  however  he  [the  Plaintiff]  may 
appropriate  the  water  from  the  common  source,  he  has  a  right  to 
have  that  common  source  uncontaminated  by  any  act  of  any  other 
person."  With  regard  too,  to  the  question  of  distance,  his  judgment 
is  equally  satisfactory;  for  he  says  that  ''the  question  does  not 
depend  upon  the  parties  being  what  is  called  contiguous  neighbours. 
If  it  can  be  shown  in  fact  that  the  Defendant  has  ....  fouled  .  .  . 
the  common  source,  it  signifies  not  how  far  the  Plaintiff  is  from  him." 

Lord  Justice  Cotton  draws  attention  to  the  fact  that  the  Defendant 
was  not  using  the  water  from  his  well,  but  only  putting  filth  down 
the  well,  which  does  not  amount  to  using  a  natural  right,  and  by  so 
doing,  he  "  interferes  with  the  exercise  by  the  Plaintiff  of  a  natural 
right  incident  to  the  ownership  of  his  own  land." 

DBCADB  in.— TOL.   in.— MO.  lU.  8 
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Lord  Justioe  Lindley  remarks  that  the  case  '*  really  involves  the 
question  whether  a  person  who  has  a  well  on  his  own  land  is  at 
liberty  to  poison  the  water  which  supplies  that  well  and  a  large 
district  round  about  it  The  defendant  says  he  has  such  a  right. 
It  is  a  startling  proposition  to  say  the  least  of  it"  He  adds  that 
"  the  right  to  foul  water  is  not  the  same  as  the  right  to  get  it  ...  • 
JVtma  jfacie  no  man  has  a  right  to  use  his  own  land  in  such  a  way 

as  to  be  a  nuisanoe  to  his  neighbour If  a  man  chooses  to 

poison  his  own  well,  he  must  take  care  not  to  poison  waters  which 
other  persons  have  a  right  to  use  as  much  as  himself.  ....  The 
right  of  a  man  to  get  water  from  his  well  is  to  get  the  water  as 
nature  supplies  it." 

As  a  geologist,  much  interested  in  the  question  of  water-supply 
from  underground  sources,  it  was  with  a  feeling  of  great  relief  that 
I  heard  of  the  view  of  this  case  taken  by  the  Court  of  Appeal,  and 
I  read  the  full  report  of  the  judgments  (from  which  the  above 
quotations  have  been  made)  with  much  pleasure.  I  am  inclined  to 
think,  indeed,  that  Mr.  Justice  Pearson,  albeit  he  seems  to  hold 
strongly  to  the  opinion  that  this  is  a  free  country,  may  feel  relieved 
rather  than  grieved  at  the  reversal  of  his  decision.  Had  it  been 
upheld,  there  would  dearly  have  been  great  need  of  a  little  law- 
making. 

Although  all  sanitarians  must  be  glad  of  the  final  decision  in  this 
case, — for  it  will  not  be  carried  to  the  House  of  Lords, — yet  it  seems 
unfortunate  that  the  privilege  of  bringing  up  so  important  a  matter 
for  settlement  should  have  fkllen  to  individuals  instead  of  to  corpora- 
tions or  to  companies,  on  whom  the  expense  would  have  more 
fairly  fallen.  It  may  be  but  a  poor  consolation  to  both  Plaintiff 
and  Defendant,  that  their  names  will  become  famous,  like  those  of 
Chasemore  and  Richards,  from  the  case  of  Ballard  v,  Tomlinsoa 
being  one  that  is  likely  to  be  quoted  for  many  years,  as  giving  a 
most  important  decision  in  the  law  of  water-supply  from  wells. 

Whilst  it  was  decided,  in  the  earlier  case,  that  every  owner  has 
the  right  to  draw  underground  water  to  an  unlimited  extent,  the 
decision  now  noticed  is  to  the  effect  that  no  owner  has  the  right  to 
pollute  a  source  of  water-supply  common  to  his  own  and  other  wells. 
Whatever  may  be  the  fate  of  the  former  decision,  it  is  to  be  hoped 
that  the  latter  one  will  never  be  altered. 


VI.  —Recent  and  Fossil  Hippopotami. 

By  Hbnry  Woodward,  LL.D.,  F.R.S.,  F.G.S.,  etc. 

(PLATE  III.) 

IN  September  last,  T  drew  the  attention  of  the  readers  of  the  Geo- 
logical Magazine  (Decade  III.  Vol.  11.  pp.  412-425)  to  a  singular 
group  of  vegetable-feeding  aqnatic  animals,  the  Sibenia,  represented 
at  the  present  day  by  two  genera,  Manatus  and  Haficore,  and  by  at 
most  six  species,  three  or  four  of  which  are  probably  only  varieties. 
A  peculiarity  of  this  group  of  animals  is  that  whereas  the  two  living 
genera  are  distributed  in  the  subtropical  regions  East  and  West  of 
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Figs,  i,  2.  Hippopotamus  amphibius^  Linn,  (recent). 
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the  African  continent,  and  to  its  rivers  and  opposite  coasts,  the 
ancestors  of  the  Halicore  and  Manatee  (the  Halitherium,  FdsinO' 
therium,  and  some  ten  other  fossil  genera  of  Sirenians)  probably  inter- 
mingled and  extended  30^  further  north  than  at  present  from  the  West 
Indies  and  Carolina  through  England,  Belgium,  Franoe,  Oermany, 
Italy,  and  North  Africa,  whilst  Bhyiina^  the  largest  of  them  all,  only 
became  extinct  100  years  ago  on  the  shores  of  Behring's  Island, 
Eamtchatka.  The  evidence  which  the  fossil  remains  of  Sibbnia 
afford  of  a  more  northerly  geographical  extension  of  subtropical 
mammalia  in  Tertiary  times,  is  abundantly  confirmed  by  other 
genera,  to  one  of  which  only,  the  Hippopotamus,  I  will  here  refer. 

It  has  always  seemed  at  first  an  anomalous  circumstance  to  find 
the  remains  of  the  Hippopotamus  and  the  Beindeer  in  the  same 
Tertiary  deposits,  the  latter  belonging  to  the  extreme  northern 
lands  of  Europe,  Asia,  and  North  America,  and  the  former  to  Central 
Africa ;  but  in  late  Tertiary  and  early  Prebisfcoric  times,  when  our 
island  formed  a  part  of  the  mainland  of  Europe,  the  migratory 
herds  of  Beindeer  not  only  reached  this  country  in  winter,  bat 
advanced  as  far  south  as  into  France  and  Spain ;  whilst  the  rivers  of 
Italy,  Franoe  and  England  were  all  the  summer,  if  not  the  winter, 
the  resort  of  the  Hippopotamus,  which  has  left  its  remains  as  far 
north  as  Leeds  and  Kirkdale  in  Yorkshire. 

It  was  formerly  customary  to  refer  the  numerous  remains  of  the 
large  species  of  Hippopotamus  found  fossil  in  this  country,  in  France, 
and  in  Italy,  to  the  H.  major,  of  Owen  (1843),  or  to  the  H  antiquus^ 
of  Desmarest  (1822) ;  but  the  researches  of  Prof.  Boyd  Dawkins  have 
led  to  the  conclusion  that  they  all  undoubtedly  belong  to  the  living 
African  Hippopotamus,  H.  amphihius  of  Linn»us  (1766). 

Like  the  *' Manatee,"  the  Hippopotami,  where  undisturbed,  fre- 
quent with  equal  pleasure  the  coast,  as  they  do  the  rivers.  North 
of  Port  Natal  they  are  said  not  only  to  abound  in  the  rivers,  but  upoyi 
the  sea-shore,  retreating  to  the  sea  when  disturbed  or  attacked. 

Such  evidence  as  this  enables  us  to  understand  the  presence,  in 
prehistoric  times,  of  the  Hippopotamus  in  Britain,  at  least  during  the 
summer  season,  even  after  its  partial  isolation  from  the  continent. 

Its  remains  have  been  found  at  Kirkstall,  near  Leeds ;  in  the 
Norfolk  Forest- Bed-series  at  Bacton,  and  Hasbro* ;  at  Lavenham  in 
Suffolk ;  at  Barnwell,  near  Cambridge;  at  Chelmsford,  Cold  Higham^ 
Grays,  and  Walton,  in  Essex ;  in  the  Valley  of  the  Ouse  at  Bedford; 
at  Greenwich,  Kent ;  Peckham,  Surrey ;  in  Camden  Town,  in  fact, 
very  generally  in  the  Thames  Valley  ;  often  associated  with  remains 
of  Reindeer,  Rhinoceros,  and  Mammoth. 

Hippopotamus-bones  are  less  frequently  found  in  caves,  than  in 
river- valley  deposits ;  but  in  several  their  remains  are  recorded, 
associated  with  those  of  the  Reindeer,  namely : — Pont  Newydd  near 
St.  Asaph,  N.  Wales;  Kirkdale  Cave,  Yorkshire;  Gower  Caves, 
Glamorganshire;  Cefn  Cave;  Settle  Cave;  and  Durdham  Down 
Caves. 

An  interesting  and  abundant  find  of  Hippopotamus-remains  was 
recently  obtained  at  Barrington,  near  Cambridge  (noticed  by  Mr.  P« 
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Lake,  Geol.  Mao.  1885,  pp.  318-320.  The  geology  of  the  locality 
and  its  superficial  depoeitR  have  been  very  accurately  described  by  the 
Rev,  0.  Fisher,  M.A.,  F.G.S.,  see  Quart  Journ.  Geol.  Soc.,  1879, 
vol.  XXXV.  pp.  670—677.) 

Of  the  European  localities  three  may  be  specially  noticed  as 
yielding  remains  of  Eippopotamus  amphihiu8  in  considerable  numbers, 
namely,  at  Perrier  and  Puy  de  Dome  in  France,  and  in  the  Val 
d'Amo  in  Tuscany. 

I  have  argued  from  the  presence  of  remains  of  Sibenia  so 
widely  distributed  in  the  European  Tertiaries  a  generally  warmer 
climate,  and  I  am  glad  to  find  that  the  late  Dr.  Falconer  adopted 
the  same  view  from  the  fact  of  the  presence  of  remains  of  Hippo- 
potami in  so  many  English  localities.  This  accomplished  naturalist 
thus  sums  up  his  views: — **  In  speculating  about  the  probable 
climatal  conditions  on  the  land  in  Europe  during  the  Pliocene 
period,  one  of  the  fossil  pachyderms  has  appeared  to  me  capable 
of  throwing  more  light  than  all  the  others,  namely,  Hippopota" 
muB  major.  Two  living  species  of  this  genus  are  known,  the 
one  Hippopotamus  amphihius,  and  the  other  the  small  Eippopotamus 
Ziherieniii,  They  are  both  found  in  the  tropical  or  warmer  parts 
of  Africa.  In  their  habits  they  are  strictly  aquatic,  plunging  into 
rivers  during  the  day,  and  emerging  at  night  to  pasture  along 
the  river  banks.  They  always  hug  the  margins  of  the  rivers 
or  lakes,  and  are  not  known  to  make  inland  journeys  away  from 
them.  When  they  migrate,  they  either  float  with  the  stream,  or,  if 
moving  against  it,  they  walk  along  the  bed  of  the  river,  only  leaving 
it  for  a  short  distance,  when  their  course  is  interrupted  by  rapids,  and 
replunging  into  the  stream  when  the  obstacles  oease.  Wherever  they 
are  found,  they  enjoy  open  water  all  the  year  round.  Their  un- 
wieldy heavy  form  and  short  limbs  are  admirably  adapted  for  their 
aquatic  habits,  but  unfit  them  for  journeying  by  land. 

"  There  is  no  reason  to  believe  that  the  huge  European  fossil  species 
was  in  any  respect  less  aquatic  in  its  habits  than  its  living  congeners. 
Wherever  its  remains  have  been  discovered  in  the  greatest  abundance 
and  perfection,  it  has  invariably  been  along  the  margins  of  rivers  or 
great  lakes,  such  as  the  Val  d'Amo,  where  the  bones  of  hundreds 
of  individuals  have  been  observed.  It  appears  to  have  been  spread 
over  nearly  the  whole  of  the  Pliocene  area  of  England,  since  bones 
and  teeth  have  been  described  from  the  valleys  of  the  Severn,  the 
Avon,  and  the  Thames,  Eirkdale  Cave,  Kent's  Hole,  and  Durdham 
Down.  The  general  argument,  so  ably  discussed  by  Dr.  Fleming, 
that  we  cannot  predicate,  in  many  cases,  what  the  food  and  habits  of 
extinct  species  of  the  same  genus  may  have  been,  will  not  apply  to 
the  fossil  hippopotamus  major,  which  must  have  lived  in  open  water 
free  from  ice,  if  it  lived  the  whole  year  round  in  England.  That  it 
was  capable  of  migration  by  land  more  than  the  existing  species  we 
have  no  grounds  for  believing ;  and  if  it  is  argued  that  there  may 
have  been  large  rivers  flowing  from  the  south  during  the  Pliocene 
period,  along  the  course  of  which  the  Hippopotami  could  have 
migrated  during  winter,  the  argument  might  apply  to  the  population 
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of  one  or  two  river-valleys,  but  it  would  hardly  extend  to  the 
Hippopotami  spread  over  the  broad  area  of  England.  In  balancing 
these  various  considerations,  it  seems  to  me  most  probable  that  the 
Mippopotamus  major  was  a  permanent  resident  in  the  country  during 
the  Pliocene  period.  This  would  involve  a  comparatively  warm 
temperature  throughout  the  year  as  late  as  the  deposition  of  the 
*  Grays  Thurrock '  beds,  and  the  same  would  seem  to  be  indicated 
by  the  presence  of  some  southern  freshwater  shells,  ^  which  are  now 
extinct  in  England."  • 

The  living  Hippopotamus  amphibius  appears  to  be  met  with  on  all 
the  tributaries  of  the  Nile,  and  was  in  earlier  times  abundant  in 
Egypt  also.  It  is  still  found  on  the  Senegal  and  the  Zambesi,  and 
along  the  course  of  most  of  the  rivers  of  the  eastern  coast,  and 
along  the  coast  itself,  at  many  spots  south  of  the  equator  to  near 
Natal. 

There  is  a  second  living  species  of  Hippopotamus  (H.  lAberiensis), 
which  is  a  much  smaller  animal  than  the  common  Hippopotamus,  It 
rarely  attains  a  weight  exceeding  four  hundred  pounds,  or  a  quarter 
of  a  ton,  as  distinguished  from  the  four  tons  weight  attained  by  the 
male  (Obaysch)  which  died  at  the  Zoological  Gardens  in  1878,  then 
twenty-nine  years  of  age.  One  of  the  most  important  dififerences 
between  the  two  consists  in  the  fact  that  the  Liberian  Hippopotamus 
possesses  only  two  incisors  in  the  lower  jaw. 

The  Siwalik  Hills  of  India,  whose  older  Pliocene  deposits  are  so 
rich  in  the  remains  of  Proboscidea  and  other  Ungulata,  have  also 
yielded  three  species  of  Hippopotami,  namely,  JET.  sivalensis,  P.  and  C; 
M.  Iravaticus,  F.  and  C. ;  JT!  namadtcus,  P.  and  C,  and  one  from 
the  Narbadas,  IT  palesindicus,  P.  and  C. 

The  first  of  these,  JI.  sivalensis,  is  figured  in  our  Plate  (Plate  III. 
Fig.  3-5) ;  it  is  somewhat  smaller  than  the  existing  species,  H, 
amphibius,  and  has  six  incisor  teeth  in  each  jaw.  This  led  Falconer 
to  propose  for  those  Indian  forms  with  six  incisors  a  new  generic 
division,  Hexaprotodon,  the  others  being  Tetraprotodont  H.  palos- 
indicus  and  IT,  namadicus  evidently  offer  in  the  gradual  diminution 
and  squeezing  out  of  one  pair  of  their  incisors,  a  distinct  passage 
from  the  hexaprotodont  to  the  tetraprodont  type  of  the  modem 
JI.  amphibius. 

Prof.  A.  Gaudry  has  described  a  Pleistocene  (?)  species,  JET.  Hippo- 
nensisy  from  Algeria.  A  small  species  of  Hippopotamus  has  also  been 
found  fossil  in  Madagascar  (Dawkins). 

But  perhaps  the  most  interesting  species  met  with  in  a  fossil 
state  are  the  Hippopotamus  Fentlandi,  H.  von  Meyer,  and  the 
H.  minuius  of  de  Blainville.  The  latter  is  from  the  Pleistocene 
Caves  and  fissures  of  the  Island  of  Malta,  where  it  has  been 
found  associated  with  the  remains  of  the  pigmy  Elephant; 
the  former  was  obtained  from  the  Grotta  di   Maccagnone,   near 

^  Cyrmajluminalit  is  common  in  the  BricVeartbs  of  the  Thames  Valley  in  afisocia- 
tion  with  JRhinoeerot  Elephoi  and  Hippopotamus.  Now  it  is  found  hviug  in  the 
Nile,  and  in  India  and  China. 

>  **  Falconer's  Palaontological  Memoirs,*'  toI.  ii.  pp.  207-208. 
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Palermo,   Sicily.      So  abondant  were  the  remams  of  this  species 

{S.  FenUandi)   in    the  Tarious  caverns  near    Palermo,  that,   for 

many  years,  the  bones  were  exported  by  shiploads  to  England  and 

Marseilles,  for  the  manufacture  of  lamp-black  for  sngar-refinin^. 

Two  hundred  tons  were  removed  from  one  cave  (San  Ciro)  in  six 

months.      Dr.  Falconer  writes  that  literally  tens  of  thousands  of 

two  species  of  Hippopotami  have  been  found  fossil  in  Sicily  alone. 

Mr.  Lydekker  oonsi<1ers  there  is  a  complete  gradation  in  size  from  the 

largest  fossil  individuals  of  H  amphihiu$  through  B.  Pentlandi  to  the 

smallest  specimens  of  H,  mintUua.     Prof.  Boyd  Dawkins  evidently 

considers  that  H,  minuius  and  H  FenUandi  are  varieties  of  the  san»e, 

and  that  they  extend  from  Malta  to  Sicily,  and  thence  to  Crete  and 

the  Morea.     He  adds,  "  It  is  closely  allied  to  the  Liberian  species, 

although  it  is  pretty  certain  that  it  differed  from  it  in  the  form  of 

its  molar  teeth."    The  Hippopotamus  possessed  the  following  series 

of  teeth,  viz. : — 

2    2*        ,        11  ,         7    7+       .^ 

incisors  2~2    ^^^^^^^  - — -     molars  y-y '  =  40. 

The  molar  teeth  were  of  the  bunodont  type,  their  crowns  being 
tuberculated  (as  in  the  Pigs,  Mastodon  and  Manatee),  and  wearing 
down  with  use,  so  as  to  produce  the  characteristic  double  trefoil 
pattern  (see  Plate  HI.  Fig.  5). 

So  far  as  at  present  known,  the  Hippopotamus  is  exclusively  con- 
fined to  the  Old  World,  no  member  of  the  genus  having  as  yet  been 
met  with  in  any  Tertiary  deposit  on  the  American  Continent. 

We  had,  then,  in  Europe,  in  later  Tertiary  and  early  Quaternary 
times,  at  least  two  species  of  Hippopotamus,  agreeing  in  size,  and 
probably  also  in  identity,  with  the  two  existing  African  species; 
whilst  in  India,  in  late  Miocene  or  early  Pliocene  times,  we  had  four 
species  marked  by  differences  in  their  dentition,  and  evidently  be- 
longing to  an  older  and  earlier  type  than  the  preceding. 

8      3 

*  In  S,  iUHUentu  we  diould  hare  inoison ~ 

3      3 

t  Ormdan  5-^ 

EXPLANATION  OF  PLATE  III. 

Fig.  1.  Palatal  Tiew  of  the  skull  of  the  recent  Sippopotamua  amphibius  from  Africa. 
,,    2.  Lower  jaw  of  same  seen  from  ahove. 

(Both  figures  greatly  reduced.) 
,,    3.  Palatal  view  of  skull  of  jSippopoUmut  tir^letutM,  F.  and  C. 
„    4.  Front  or  sjmphisial  portion  of  lower  jaw  of  B,  tivaiefuit,  showing  the  nz 
incisors  and  the  tusk-like  canines. 

(Both  figures  one-eighth  natural  size.) 
,,    5.  Molar  tooth  of  same  species,  showm^  the  worn-down  double  trefoil  pattern 
of  the  crown  (one-half  natural  size). 
Figures  I  and  2  are  taken,  by  permission,  from  CasseU's  Natural  History, 

▼ol.  ii.  p.  349,  article  by  Prof.  Boyd  Daarkins  and  U.  W.  Oakley. 
Figs.  3 — 5  are  reproduced  from  Prof.  H.  A.  Nicholson's  Paleontology, 
Yol.  ii.  p.  843,  Fig.  640  (after  Falconer  and  Cautley)* 
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L — BsiTRAO  zuB  Kenntniss  Palaozoisohsb  Seibtbbnb.  Yoa 
B.  Stubtz,  in  Bonn.  PalseoQtographica,  Band  xxxii.  1886. 
Mit  7  Tafeln. 

A  COMTBIBUTION   TO  THE  KNOWLEDGE  OF  PaL^OZOIO  StABFISHBS. 

By  B.  Stuebtz,  in  Bonn.      Palsdontographicst,  voL  xxxii.  pp. 
75-98,  pi.  viii.-xiv. 

FERD.  KOEMER  called  attention  *  some  years  since  to  the  echino- 
dermal  fauna  occurring  in  the  roofing  slates  of  Bundenbach 
near  Birkenfeld  in  Oldenburg,  which  belong  to  the  horizon  of  the 
middle  beds  of  the  Ebenish  Lower-Devonian.  More  particularly, 
Starfishes,  including  in  the  term  the  Asteroidea  and  Ophiuroidea,  are 
abundant.  The  calcareous  tests  of  these  animals  have  been  replaced 
by  iron  pyrites,  and  they  are  firmly  imbedded  in  the  hard  slate  in 
Buch  a  manner,  that  at  the  time  when  Roemer  wrote,  only  the 
general  outline  of  the  animals  could  be  discerned ;  but  within  the 
last  year  or  two  means  have  been  found  by  which  the  slaty  matrix 
can  be  entirely  cleaned  away,  and  the  skeleton  of  the  animal  laid 
bare,  so  that  the  arrangement  of  the  plates  of  the  test,  both  on  the 
Tentral  and  dorsal  surifaces,  can  be  ascertained.  The  insight  thus 
gained  of  the  skeletal  structure  of  these  Devonian  Starfishes  has 
enabled  Herr  Stuertz  to  make  a  comparison  between  them  and  the 
more  recent  fossil  and  existing  members  of  the  group,  and  amongst 
other  results  of  his  work  he  has  discovered  true  Ophiuroids,  with  a 
structure  corresponding  with  that  of  living  forms,  which  have  not 
previously  been  known  from  Palaeozoic  strata.  These  were  associated 
with  the  simpler  Palaeozoic  Ophiuroids.  lliere  are  also  in  these  beds 
a  number  of  true  Asterids,  associated  with  Encrinasters ;  and  a  re- 
presentative of  the  existing  genus  Asiropecten. 

The  single  species  of  the  Ophiurea  verce  belongs  to  the  genus 
Ophiurella,  Ag.,  and  is  named  0.  primigema,  St  In  the  group  of 
the  Protophiurea  are  included  Palaeozoic  Ophiuroids  which  possess 
corresponding  ambulacral  plates  on  the  ventral  side  of  the  arms. 
The  author  agrees  with  Liitken  in  regarding  these  as  doubled  ventral 
shields,  which  cover  the  ambulacral  system.  In  this  group  the 
author  places  the  Protaster  Miltoni,  Salter,  and  P.  leptosoma,  Salter, 
and  also  a  new  genus,  Furcaaier,  with  a  single  species,  F.  palao- 
xoicua,  St. 

Fresh  observations  have  been  made  on  the  doubtful  genus  Helian- 
thaster,  Roemer,  examples  of  which  also  occur  in  Devonshire  as  well 
as  at  Bundenbach,  but  they  are  still  insufficient  to  determine  its  true 
position.  The  author  regards  it  as  an  Ophiuroid  Starfish  with  from 
14-16  arms  and  a  tolerably  large  disc. 

The  author  gives  the  name  Ophio-Encrinasteriae  to  a  group  of 
forms  which  stand  in  near  relationship  to  Ophiuroids,  but  possess 
peculiarities  of  structure  which  ally  them  to  the  Encrinasteridae.     In 

^  Fal8Bontographioa»  Band  ix.  1862. 
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addition  to  a  new  genus,  Bundenbachia,  this  group  also  inoludee  the 
genera  Taniiaster,  Billings,  Eugasler,  Hall,  possibly  also  Ptilonaster, 
Hall,  and  Protaster  Forbesi,  Hall,  with  Protasier  SedgwicJci,  Forbes. 

Under  the  Asteria  vera,  or  true  Starfishes,  are  placed  Boemeraster 
asperula,  Eoemer  sp.,  Astropecten  Sehluetert,  St.,  Pala$tropecU*n 
Ziiteli,  St  n.  gen.  et  sp.,  Eolmdia  Decheni,  St.,  n.  gen.  et  sp.,  and 
Protasteriieanthion  primm,  St.  n.  gen.  et  sp. 

The  following  genera  and  species  are  plaoed  in  the  group  of  the 
Encrin<Mteria:  Aspidosoma  Tischbeinianum,  Boemer;  Loriolaster  mtra- 
bilis,  St ;  and  Pcdaateriscus  devonicua,  St 

The  species  described  are  all  figured  in  the  accompanying  plates 
and  enlarged  representations  are  given  of  their  structural  characters. 

G.  J.  H. 


n. — ^The  Eocknb  Stkata  op  the  Erappfeld,  Carinthia.     By  K. 
A.  Pen  SOKE.     Imper.  Qeol.  Inst.  Vienna,  Meeting  17th  Novem- 
ber, 1885.     Communicated  by  Count  Marsohall,  F.C.G.S. 
ONLY  small  portions  of  the  Eocenes,  resting  partly  on  Cretaceous 
rocks  and  partly  on  Palseozoio  schists,  have  escaped  denuda- 
tion.    In  one  of  these  patches,  the  succession  (upwards)  is — 

1.  Lower  red  clays,  with  gravelly  beds  and  conglomerates.  2. 
Modiola-marls,  with,  for  the  most  part  badly  preserved  remains ; 
Modiolay  sp.  (compare  crenella^  Desh.),  is  the  most  frequent.  3.  Two 
or  three  seams  of  bright  coal,  with  bituminous  shales,  containing 
brackish- water  shells  as  Faunns  combustus,  Brongn.,  F,  undosuSf 
Brongn.,  Melanopsis,  sp.,  Planorbis,  sp.,  and  Cytherea  Lamberti, 
Desh.  4.  Gasteropod -marls ;  similar  to  the  foregoing  marls,  and 
abounding  with  well-preserved  shells,  as  TurriteUa  Fuchsi,  sp.  no  v., 
Cerithium  mutabile,  C.  Canavali,  sp.  nov.,  Natica  perusta,  and  Ostrea 
Canavali,  sp.  nov., ;  together  with  Nummulites  contortus,  Desh.,  Ser* 
pula  spirtdcBa,  Modiola  creneUaf  Cyrena  Veronensis,  Fatmm  cowbustus, 
F,  undosuSf  Fusus  longavus,  etc.  5.  Nummulitic  Marls.  Here  Gas- 
teropods  are  gradually  being  superseded  by  Nummulites.  The 
prevalent  fossils  are  :  Orbitoides  Foriisii,  Operculina  Karreri,  sp.nov,, 
Nummulites  complanatm,  N.  perforatus,  N.  Lucasanus,  iV.  contorius, 
N.  exponens,  Natica  Vutcani,  and  Cerithium  Canavali,  6.  Nummu- 
litic Limestones  gradually  coming  out  of  the  uppermost  horizon  of 
No.  5.  They  contain  many  Echinids,  Molluscs,  etc.,  as  Aheolina 
longa,  Nummulites  complanatus,  N.  perforatus,  N.  contortus,  ConocJy- 
peus  conoideus,  Eehinolampas  (comp.  Suessi),  Pygorhynchus  Mayeri, 
lAnihia  Heberti,  Ostrea  rarilamella,  Velates  Schmiedeliana,  Ovula 
gigantea,  etc.  7.  Yariolari us- strata.  Bather  thin  sands,  and  beds 
of  compact  sandstone,  full  of  Nummulites  variolarius. 

Some  of  these  beds,  to  a  greater  or  less  extent,  are  wanting,  or  are 
represented  by  other  deposits,  elsewhere  in  the  Krappfeld.     At  one 

f»lace  some  fine  sands  occur  in  the  uppermost  horizon  of  the  Nummu- 
itic  Marls ;  and  they  contain  good  specimens  of  Echinanthus  tumidus, 
AgasB.,  Linthia  scarahceus,  Lbe.,  L.  Heberti,  Cott,  and  Ottiliaster 
pusillus,  nov.  gen.  et  sp.  A  comparison  of  the  several  sections  proves 
the  existence  of  two  special  horizons  in  the  Erappfeld  Eocenes :  an 
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upper,  marine,  with  abundanoe  of  Nammulites,  and  assuming  a 
braoktsh  character  to  the  north,  and  a  lower  partly  brackish  horizon. 
The  fauna  throughout  is  Lower  Eocene,  and  has  several  species  in 
common  with  the  fauna  of  Bonca,  and  presenting  some  analogy  to  the 
Sables  in/Meurs  of  the  Paris  Eocenes.  This  fauna  numl>ers  about 
85  species, — among  them  are  6  NummuHtea,  4  other  Foraminifera, 
11  Echinida,  2  Serpulm,  1  Terehrattda,  1  Dentalium,  25  Bivalves,  29 
Gasteropods,  and  1  Nautilus,  besides  remains  of  Fishes  and  Crusta- 
ceans. The  new  forms  are — 1.  Operculina  Karretiy  with  conspicuous 
transverse  ribs.  2.  OUiliaster  pusilluSj  new  genus  of  the  Echino^ 
lampas  type,  the  anterior  ambulacra  having  but  one  series  of  single 
pores ;  approaching  Eolampas,  Dune,  and  Slad.,  from  Sind,  India. 
3.  Ostrea  Canavali,  Gryphsea-like,  allied  to  0.  cymhiola,  4.  Area 
Rosihomi,  very  small,  with  craticulate  sculpture.  5.  Corhula  semi- 
radiaia,  somewhat  like  Neara  radiata,  fore-part  radiately  ribbed. 
6.  Turriiella  Fuchsi,  approaching  T,  tm&rtcaiarta,  Latnk.  7.  Natica 
Ottilia,  a  small  and  rather  indifferent  form,  resembling  N.  Woodi. 
8.  Cheilostoma  Rosihomiy  like  some  species  from  the  lowermost 
Belgian  Eocenes.  9.  Melanopsisf  Reineri;  the  genus  uncertain, 
most  of  the  specimens  being  crushed.  10.  Cerithium  Canavali,  very 
near  to  C.  lunatum,  Mstr.  11.  Nautilus  Seelandi,  very  broad  and  in- 
flated.    12.  Myliohates  Haueri,  near  to  M,  goniopleurus,  Agass. 


ni. — ^Thb  Book-salt  Formation  of  Wibliozka,  Qalioia.  By  J. 
NiEZWiECKi.  Imp.  Qeol.  Instit  Vienna,  Meeting  17th  Novem- 
ber, 1885.     Communicated  by  Count  Marsohall,  F.C.G.S. 

THE  borings,  undertaken  in  order  to  explore  the  supposed  west- 
ward continuation  of  the  Salt  beds,  gave  the  following  results. 
An  alluvial  deposit,  H  meter  thick,  covers  a  grey  clay  (partly  a 
marl),  with  seams  of  micaceous  sand,  and  boulders  of  compact  marl. 
This  clay  continued  to  the  depth  of  204^  meters,  and  contained  some 
few  stalks  and  leaves  of  plants,  with  Foraminifera  {Olohigerina,  Poly- 
morphina,  and  Truncatuiina).  This  may  be  regarded  as  an  eastward 
continuation  of  the  sulphuriferous  deposits  of  Swoszowice,  which 
likewise  has  terrestrial  plant-remains  and  marine  shells.  Coarser 
sand,  or  friable  sandstone,  with  thin  intercalations  of  clay,  fibrous 
gypsum,  and  pieces  of  anhydrite,  continues  from  204^  to  210  meters 
depth.  Between  this  and  the  present  depth  of  the  bore  (227J 
meters),  saliferous  clay,  with  scattered  granular  rock-salt,  gypsum, 
and  anhydrite,  was  pierced.  Water  drawn  from  this  depth  was 
highly  saturated  with  salt. 


IV. — GvoLooiOAL  Formations  in  Afghanistan.    By  C.  L.  Gribs- 
BAOH,  F.G.S.     Imper.  Geol.  Inst.  Vienna,  Meeting  3rd  Novem- 
ber, 1885.    Communicated  by  Count  Marsohall,  F.C.G.S. 
1  PLIOCENE.     Sandstones  and  loose  sands,  with  great  deposits  of 
•     loess,  and  badly-preserved  Mammalian  remains.     2.  Pliocene. 
Hed  and  light-coloured  clays,  with  beds  of  loess  and  gypsum.     Nos. 
1  and  2  may  be  equivalent  to  the  Manchhar  and  Siwalik  Formation 
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of  India.  3.  Miocene  (and  Eooene?).  Thiok  deposits  of  green  and 
red  clays,  with  friable  limestones,  and  salt-beds.  Miocene  fossils  in 
ihe  upper  horizons.  4.  Gretaoeous.  Inooeramus-beds,  marls  (mostly 
variegated),  and  limestones  with  Oretaoeooe  fossils.  Marine  lime- 
stones abounding  in  organic  remains.  5.  Jurassic  and  Lias.  Light- 
coloured  sandstones  and  grit,  with  marine  limestones,  and  plant- 
remains.  6.  Triassic.  ''  Ked-grit  Group ;"  an  enormous  assemblage 
of  red  sandstones,  conglomerates,  breccias,  and  volcanic  tnfifs,  with 
intercalated  eruptive  rocks  (mostly  melaphyres),  and  several  horizons 
of  Brachiopod  limestones.  7.  Permian.  Green  and  grey  schists, 
sandstones  and  conglomerates,  with  ''Boulder-beds,"  thin  coal- 
seams  and  imperfect  impressions  of  plants  S.E.  of  Herat  and  in 
Kborassan,  alternating  with  hard  limestones,  containing  Brachiopods, 
Conchifera,  and  Fusulinad.  Nos.  5,  6,  and  7  may  possibly  cor- 
respond to  the  Gondwana  Formations  of  India.  8.  Carboniferous 
(and  Devonian?).  Very  thick,  compact,  grey  limestones,  with  sub- 
ordinate shcdes,  containing  Fenestella^  Froductus  semretieulatuSt 
Athyris  Royssyif  etc.,  in  the  upper  horizons.  No.  8,  answering  to  the 
Kulling  strata  of  Cashmere,  constitutes  the  lowermost  horizon  in 
the  large  folds  of  the  Davendiar,  Doshatch,  Bizd,  and  other  mountain- 
chains. 


V. — Atmospheric  Dust.  By  Dr.  M.  Schusteb.  Imper.  Acad. 
Vienna,  Meeting  14th  January,  1886.  Communicated  by  Count 
Mabsohall,  F.C.G.S. 

THIS  dust  was  collected  at  Elagenfurt  in  Carinthia,  afler  a  rain  of 
muddy  substance,  which  had  taken  place  on  the  14th  October, 
1885.  The  chief  constituents  of  the  dust  are  minute  fragmentary 
crystalline  granules  and  flakes  of  the  following  minerals : — quartz, 
opal,  orthoclase,  biotite,  phlogopite,  pyroxene,  amphibole,  light- 
ooloured  mica,  talc,  kaolin,  chlorite,  rutile,  anastase,  zircon,  tourma- 
line, ferruginous  clay,  spinel,  magnetite,  pyrites,  magnetic  pyrites, 
oalcite,  magnesite,  ferruginous  dolomite,  and  apatite.  The  presence  of 
metallic  iron  could  not  be  ascertained.  The  microscope  showed 
a  prevalence  of  siliceous,  silicified,  and  calcareous  remains  of  organ- 
isms, especially  of  Diatomacesd,  either  in  single  or  in  pairs,  together 
with  a  few  carbonaceous  or  carbonized  substances,  such  as  the  spores 
of  Fungi  and  such  like,  filaments  of  AlgSB  and  other  plants,  silicified 
membranes  of  parenchymal  cellules,  and  pyritized  and  silicified 
spherules,  resembling  pollen,  lliis  dust  bears  a  great  general 
resemblanoe  to  the  atmospheric  dusts  described  by  Ehrenberg  and 
Silvestri.  The  reddish-yellow  colour,  which  it  has  in  common  with 
the  '*  Passat "  dust,  may  be  an  objection  against  its  having  oome 
direct  from  the  Sahara. 

[Compare  the  results  of  Prof.  Judd's  examination  of  Nile  mud, 
Proa  Boy.  Soa  vol  xxxix.  No.  240,  p.  216,  Nov.  1886.] 
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I. — A  MoNooBAPH  OF  THTB  Bbitish  Stromatoposoibs.  By  H. 
Allvtnb  Nioholsom,  M.D.,  D.So.,  eta,  Begius  Profeseor  of 
Natural  History  in  the  UniTersity  of  Aberdeen.  Part  I.  General 
Introduction,  pp.  iii.  and  130,  with  11  Plates.  (PalaBontographical 
Society's  Volume  for  1886.) 

THE  nature  and  systematic  position  of  the  widely-distributed 
groups  of  PaJsBozoic  fossils,  known  generally  as  the 
Stromatoporsd,  now  styled  by  Prof.  Nicholson  "  Stromatoporoids," 
have  given  rise  to  very  varied  differences  of  opinion,  ever  since 
the  first  genus  was  described  by  Goldfnss  in  1826.  The  group  has 
been  alternately  regarded  as  belonging  to  Foraminifera,  Sponges, 
Polyzoa,  Chorals,  and  finally  to  Hydrozoa.  Such  diversities  of  opinion 
have  not  merely  been  maintained  by  those  earlier  authors,  whose 
knowledge  of  the  organism  was  limited  to  its  form  and  other  external 
features,  but  they  have  been  also  held  by  later  investigators,  who 
have  studied  its  microscopic  characters  in  thin  sections.  The 
opposing  views  may  be  to  some  extent  explained  by  the  different 
appearances  presented  by  the  fossils  under  different  conditions  of 
fossilization,  by  limited  investigation,  and  in  no  small  degree  by  the 
influence  of  previous  lines  of  study  on  the  part  of  the  respective 
authors.  Thus,  for  instance,  Sir  J.  W.  Dawson  finds  certain 
structures  in  Stromatoporoids  resembling  those  in  the  supposed 
Foraminifer,  Eozoon  Canadenae,  and  dismisses  almost  with  con- 
tempt the  view  of  Mr.  H.  J.  Carter  that  StromatoporoB  are 
skeletons  of  hydroids  allied  to  Bydractinia.  This  latter  view  is, 
however,  now  generally  received ;  whilst  Sir  J.  W.  Dawson's  opinion ' 
that  **  Stromatopora  and  Eozoon  may  both  be  regarded  as  large, 
sessile,  laminated  calcareous  Ehizopods,"  has  not  been  supported  by 
later  authors.  Prof.  Sollas,  on  the  other  hand,  places  Stromatopora 
among  the  Yitreo-hexactinellid  sponges,  an  opinion  which  was 
subsequently  qualified  by  the  statement  that  Siromatoporm  included 
organisms  of  very  different  a£Snities,  some  being  siliceous  sponges, 
some  related  to  Millepora  and  HydracUnia,  and  some  with  relation- 
ships yet  undetermined.  Baron  Bos6n  referred  the  group  to  Eeratose 
sponges,  in  which  the  fibres  had  become  silicified  or  calcified  in 
fossilization.  Prof.  Nicholson  also,  in  a  joint  memoir  with  Dr. 
Murie,  reached  the  conclusion  that  the  StromatoporcB  belonged  to 
a  peculiar  extinct  group  of  Caloisponges.  To  Mr.  H.  J.  Carter 
belongs  the  credit  of  having  first  indicated  the  relationship  of  the 
8iromaloporoid$  to  the  recent  Hydractinia,  and  their  extinct  allies, 
and  this  view  has  gradually  been  adopted  by  palaeontologists 
generally. 

The  difficulties  attending  the  study  of  this  group  of  fossils  may 
readily  be  inferred  from  the  various  opinions  held  with  respect  to 
their  characters,  and  the  present  attempt  to  overcome  the  oh^tacles 
which  have  baffled  previous  observers  implies  no  small  amount  of 
courage  on  the  part  of  the  author.  The  only  sure  method  of  invest!- 
^  Quart.  Joum.  GeoL  Soo.  vol.  xxzy.  1879,  p.  50. 
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gation  rests  on  the  study  of  the  minute  structure  of  the  skeleton, 
and  this  can  only  he  known  hy  means  of  thin  microscopic  sections. 
Of  these,  the  author  states  that  he  has  made  oonsiderahly  over  a 
thousand  with  his  own  hands,  whilst  most  of  the  spt'cimens  were 
collected  by  himself,  from  the  Palsdozoio  strata  of  this  oountry, 
North  America,  Germany,  and  Russia.  By  thus  comparing  the 
microscopic  characters  of  all,  or  nearly  all,  the  known  forms  of  the 
group,  under  the  different  conditions  of  mineralization,  it  has  been 
possible  to  obtain  a  more  complete  knowledge  of  these  organisms 
than  heretofore,  and  many  features  of  importance,  both  as  r^ards 
the  structure  and  relationship  of  the  group,  have  been  discovered. 

The  first  part  of  the  Monograph  contains  the  **  General  Introduc- 
tion," which  is  treated  under  the  following  heads :  (I.)  Historical 
Introduction.  (II.)  The  General  Structure  of  the  Skeleton.  (III.) 
Systematic  Position  and  Affinities  of  the  Stromatoporoids.  (IV.) 
Sketch  Classification.  (Y.)  Families  and  Genera  of  the  Stromato- 
poroids.    (VI.)  The  Nature  of  Caunopora. 

(I.)  Under  the  first  head  an  account  is  given  in  chronological  order 
of  the  various  memoirs  on  the  group.  From  this  we  learn  that  the 
type-specimen  of  Stromatopora  concentricay  Goldf.  (now  preserved  in 
the  Bonn  Museum),  which  is  the  type  species  of  the  genus,  exhibits 
a  structure  greatly  different  from  that  which  has  generally  been 
regarded  by  paladontologists  as  characteristic  of  the  genus  Stromato- 
jpora.  The  typical  figured  specimen  of  Gk>ldfuss  is  a  large  mass  of 
numerous  thick  concentric  strata  (*'  latilaminad  "),  more  or  less  undu- 
lating, from  1*5  to  3  mm.  in  thickness,  and  separated  by  narrow 
interspaces.  Microscopic  sections  show  that  the  skeleton  is  essen- 
tially a  complex  net- work  of  anastomosing  calcareous  fibres,  so 
disposed  as  to  inclose  correspondingly  complex  anastomosing  canals. 
The  minute  characters  of  this  typical  form  had  not  previously  been 
subjected  to  microscopical  examination,  and  consequently  the  forms 
assigned  to  the  genus  by  Bargatzky,  Carter,  and  others,  which 
possess  structures  of  a  different  character,  must  necessarily  be 
included  in  a  new  genus,  which  the  author  proposes  to  name  Acti' 
noatromaf  and  which  forms  the  type  of  the  group  Actinostromidm. 

(II.)  Treating  of  the  general  structure  of  the  skeleton  of  the 
Stromatoporoids,  the  author  states  that  the  typical  form  is  that  of  a 
hemispherical  mass  or  a  flattened  expansion,  attached  by  a  narrow 
peduncle,  or  directly  to  some  foreign  body,  but  having  the  under 
surface  covered  by  a  concentrically  wrinkled  imperforate  epitheca, 
while  the  apertures  for  the  emission  of  the  polypites  are  carried 
upon  the  upper  surface.  Certain  forms  are  ramose  or  dendroid,  and 
some  habitually  encrust  other  organisms.  The  skeleton  was 
originally  of  granular  carbonate  of  lime,  probably  in  the  form  of 
arragonite,  but  this  is  now  replaced  occasionally  by  silica  and  by 
crystalline  calcite.  One  distinctive  feature  of  the  whole  group  of 
the  Stromatoporoids  is  the  constitution  of  the  skeleton  of  super- 
imposed concentric  layers.  In  some  cases  these  are  very  thick, 
strata-like,  and  made  up  of  a  series  of  vertical  rods  ("radial 
pillars  "),  which  run  from  the  top  to  the  bottom  of  the  stratum,  and 
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are  united  at  irregular  intervals  by  obliqae  or  horizontal  prooesees. 
Between  the  vertical  rods  are  the  tortuous,  tubular,  and  often  tabulate, 
canals,  in  which  the  zooids  were  lodged.  In  other  oases,  the  skeleton 
is  made  up  of  numerous  closely-approximated  concentric  laminaB,  not 
in  absolute  contact,  but  separated  by  interlaminar  spaces,  which  are 
intersected  by  vertical  columns  or  "  radial  pillars,"  which  connect 
the  laminae,  and  may  pass  through  several  laminae  and  interspaces. 
The  calcareous  fibres  of  the  skeleton  are  probably  in  no  case  compact, 
sometimes  they  are  filled  with  what  appear  to  be  minute  pores  or 
vesicles,  at  others  by  complex  ramifying  tubuli.  Nothing  of  the 
nature  of  definite  spicules  has  been  noticed  in  any  example  of  the 
group. 

According  to  the  general  arrangement  of  the  "  radial  pillars  "  and 
"  concentric  laminae  "  two  principal  sections  of  Stromatoporoids  are 
distinguished,  the  Milleporoid  and  Hydractinioid  sections.  In  the 
first  of  these,  represented  by  the  genus  Stromatopora,  Groldfuss,  the 
radial  pillars  and  ooncentric  laminae  are  completely  amalgamated, 
and,  as  a  rule,  cannot  be  recognized  as  distinct  structures.  Tan- 
gential sections  of  the  skeleton  appear  to  be  continuously  reticulate, 
resembling  that  of  Mtllepora,  whilst  in  vertical  sections  the  radial 
pillars  appear  as  thick,  irregular  and  flexuous,  and  the  concentric 
laminae  are  only  represented  by  irregular  lateral  outgrowths,  which 
spring  from  the  pillars  and  unite  them  into  a  continuous  framework. 
In  the  '^  Hydractinioid"  section,  represented  by  the  genus  AcUnostromaf 
the  radial  pillars  and  concentric  layers  are  present  as  distinct,  though 
closely  connected  structures.  In  vertical  sections  of  A,  clnthratum, 
the  skeleton  appears  as  a  series  of  parallel  vertical  rods,  nearly 
equi-distant  from  each  other  and  connected  at  regular  intervals  by  a 
series  of  parallel  horizontal  laminae.  In  a  tangential  or  horizontal 
section,  the  transversely-divided  ends  of  the  radial  pillars  appear  as 
rounded  or  stellate  dots,  placed  at  tolerably  regular  intervals.  The 
radial  pillars  give  out  at  regular  intervals,  verticils  of  horizontal 
connecting  processes  or  arms,  which  join  one  another  to  form  a  com* 
plete  network,  and  the  concentric  laminae  are,  in  reality,  formed  of 
these  united  horizoiital  processes.  When  the  section  passes  through 
the  plane  of  one  of  the  concentric  lamina,  the  cut  ends  of  the  radiate 
pillars  have  a  stellate  form,  and  their  united  arms  form  an  angular 
mesh-work,  not  unlike  that  of  a  hexactinellid  sponge,  but  if  the 
section  is  through  the  interlaminar  spaces,  then  only  the  cut  ends  of 
the  radial  pillars  are  visible.  Thus  the  concentric  lamina  is,  in 
reality,  merely  a  porous  mesh-work,  through  the  openings  of  which 
in  the  upper  layer  the  zooids  could  extend. 

In  the  genus  Clathrodictyon,  Nich.  and  Murie,  the  radial  pillars 
are  incomplete  or  almost  obsolete,  whilst  in  Labechia  they  are  highly 
developed.  The  author  states  that  the  radial  pillars  are  not  invari- 
ably solid,  a  minute  central  canal  can  be  detected  in  many,  but  even 
where  this  exists,  it  does  not  appear  to  have  been  open  at  the  sum- 
mit There  is  no  ground  for  the  supposition  that  the  pillars  were 
inhabited  by  zooids,  or  that  they  can  be  compared  in  any  way  with 
the  zooidal  tubes  of  Millepora.  In  one  singular  form,  Hermatostroma 
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Sehluterif  iiiere  are  large  oanals  in  the  radial  pillars,  whieh  send  oat 
braaohes  into  the  oonnecting  processes  forming  the  conoentric 
lamina,  and  this  fact  indicates  that  the  fibres  of  the  oonoentrio 
lamina  generally  may  be  hollow. 

One  obstacle  to  ranging  the  Stromatoporoids  with  the  Ccdenterata 
has  been  the  apparent  absence  of  any  tubes  for  the  lodgment  of  the 
zooids,  but  the  author  has  made  the  important  discovery  that  the 
skeleton  of  the  typical  Stromatoporm  is  penetrated  by  numerous 
minute,  flexuous,  but  essentially  parallel,  vertical  tubes,  which  are 
not  bounded  by  definite  walls,  but  simply  inclosed  by  the  vermicu- 
late  fibres  of  the  coenosteum,  precisely  like  the  eooidal  tubes  in 
MiUepora.  Further,  these  tubes  are  traversed  at  intervals  by 
calcareous  plates,  similar  to  those  of  MiUepora  and  tabulate  corals. 
These  tabulate  zo5idal  tubes  can  be  clearly  distinguished  in  different 
species  of  Stromatoporo,  and  also  in  such  genera  as  Idio^troma^ 
Winch.,  and  Siachyodes,  Barg.  Definite  tubes  are  not  clearly  recog^ 
nizable  in  the  Hydractinioid  section  of  the  group,  but  there  are 
eooidal  cavities  in  AcUnoBiroma,  and  in  Labechia  it  is  probable  that 
the  zooids  were  given  off  from  the  surface  layer  of  the  ccenosarc. 

The  author  agrees  with  Mr.  Garter  in  recognizing  the  stellate 
oanal  system  on  the  surface  of  the  concentric  iaminsd  as  the  homo- 
logue  of  the  branching  of  the  ccenosarcal  grooves  on  the  surface  of 
the  skeleton  of  many  Hydractinisa,  and  adopts  for  it  Mr.  Carter's 
term  Astrorhizae.  These  canals,  though  not  invariably  present,  are 
yet  found  in  so  many  different  forms  of  the  group,  that  they  cannot 
be  accepted  as  of  generic  value,  and  consequently  the  genus  C^oefto* 
stroma,  Winchell,  in  which  they  are  regarded  as  an  essential 
character,  cannot  be  retained. 

In  some  anomalous,  cylindrical  or  dendroid,  Stromatoporoids, 
placed  in  the  genera  Idiostroma,  Amphipora,  and  Stachyodes,  there 
is  a  central,  axial,  tabulated  tube,  without  proper  wall,  giving  off  at 
times  lateral  branches,  which  also  divide.  These  '*  axial  tubes  "  are 
quite  distinct  from  those  of  the  so-called  Catmopora,  and  the  author 
tiiinks  they  may  have  lodged  a  stolon  or  axis  of  the  ccenosarc,  and 
that  the  smaller  lateral  tubes  may  have  been  occupied  by  a  special 
series  of  zooids. 

Certain  large-sized  lenticular  vesicles,  resembling  the  "ampullsa" 
of  the  recent  Stylasteridm,  are  present  in  Amphipora  ramosat  PhiU. 
sp.,  and  may  probably  have  lodged  the  reproductive  zooids,  and 
large  tabulated  vesicles  in  Idiostroma  eapitatum,  Goldf.  sp.,  may  also 
have  served  for  the  same  purpose. 

(III.)  Systematic  Fosition  and  Affinities. — ^The  author  frankly  accepts 
the  views  of  Carter,  Lindstrom,  Zittel,  and  others  as  to  the  ccelen- 
terate  affinities  of  the  Stromatoporoids,  and  regards  them  as  a  special 
group  of  the  JSydrozoa,  having  relationships  on  the  one  hand  witih 
Hydraetiniay  and  on  the  other  with  MiUepora.  A  detailed  com- 
parison between  Hydractinia  echinata,  Flem.,  and  forms  of  Actino- 
stroma,  Nich.,  shows  that  there  is  a  remarkable  similarity  between 
the  minute  structure  of  the  chitinous  skeleton  of  the  former  organism 
and  the  large  calcareous  ccenosteum  of  the  latter ;  and  a  simUar  but 
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Dot  80  striking  a  Tetemblanoe  is  also  seen  when  the  oomparison  is 
made  with  the  Hydr actinia  eircumveatiens  from  the  Red  Crag  of  Suf« 
folk,  which  possesses  a  oaloareous  ooBoosteum.  The  typical  Stromato* 
por«e,  on  the  other  hand,  are  more  closely  comparable  with  the  ooeno- 
steum  of  Millepora,  But  as  both  the  groups  of  Stromatoporoids  are 
linked  together  by  intermediate  forms,  and  thus  constitute  a  natural 
series,  it  is  better  to  retain  these  fossils  as  a  peculiar  division  of  the 
Hi/drozoa 

(IV.)  Sketch  Classification, — This  is  to  be  accepted  as  largely  tentaj- 
tive,  as  many  of  the  types  have  not  yet  been  properly  examined. 
The  following  tabular  view  is  given  by  the  author. 

Order. — Stromatopoboidea,  Nich.  and  Murie. 
Section  A.  ("Hydractinioid"  Group). 
Fam.  1.  Actinostromidad,  Nich. 
Genera — Actinostroma,  Nic^. ;    Clathrodieiyon,  Nich.  and  Murie; 
Stylodictyon,  Nich.  and  Murie  (?). 

Fam.  2.  LabechiidaB,  Nich. 
Genera— Xafecc^ta,  £.  &  H. ;  Bosenella,  Nich. ;  Beatricea,  Bill.  (?) ; 
Dictyostroma,  Nich.  (?). 

Section  B.  ("  Milleporoid  "  Group). 
Fam.  3.  Stromatoporidad,  Nich. 
Gknera — Stromatapora,  Otoldf, ;  Stromatopordlay  Nich. ;  Parallelo' 
pora,  Barg.  (sub-genns?) ;  Syringostroma,  Nich.  (sub-genus?). 

Fam.  4.  Idiostromidae,  Nich. 
Genera — Idiostroma,  Wrnch. ;   Hermatostroma,  Nich. ;  Amphipora, 
Schulz ;  Stocky  odes  f  Barg. 

( V. )  Families  and  Oenera  of  the  Stromatoporoids. — Detailed  descrip- 
tions are  given  of  the  characters  of  the  various  members  of  the 
group,  to  which  space  prevents  further  reference,  but  the  inclusion 
of  the  peculiar  forms  known  as  Beatricea,  Bill.,  as  a  genus  of 
Stromatoporoids,  calls  for  some  notice.  These  fossils  are  cylindrical 
or  angulated  rods  or  stems,  often  of  considerable  size,  some  reaching 
10  feet  in  length  by  one  foot  in  thickness.  They  possess  a  central, 
relatively  large,  axial  canal,  without  definite  walls,  and  divided  by 
superposed,  curved,  tabnlad.  Between  the  central  canal  and  the 
exterior  of  the  fossil,  the  skeleton  consists  of  concentric  layers  of 
vesicular  tissue.  The  position  of  these  fossils  has  long  been  regarded 
as  uncertain,  and  one  observer,  Prof.  Hyatt,  who  formerly  referred 
the  genus  to  the  Cephalopoda,  now  degrades  it  to  the  Foraminifera, 
The  general  opinion  has  been  in  favour  of  its  alliance  to  the 
Cystiphylloid  Corals.  The  fossils  are  generally  very  imperfectly 
preserved,  but  Prof.  Nicholson  has  detected,  in  some  specimens, 
structures  radiating  from  the  central  canal  towards  the  circumference, 
which  he  regards  as  **  radial  pillars  "  essentially  similar  to  those  of 
the  genus  Labechia,  The  axial  tabulate  tube  is  regarded  as  parallel 
with  the  tubes  in  Idiostroma,  Stachyodes,  and  Amphipora,  But  the 
axial  tubes  in  these  forms  are  so  much  smidler  than  those  of  Beatricea, 
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that  whilst  it  may  seem  reasonable  to  suppose  that  the  former  were 
occupied  by  a  stolon  or  axis  of  the  coenosaro,  the  same  explanation 
will  hardly  suffice  for  the  latter,  in  which  the  axial  canal  is  some- 
times 10  mm.  in  diameter.  On  the  whole,  whilst  fully  appreciating 
the  significance  of  the  facts  brought  forward  by  Prof.  Nicholson,  we 
should  feel  disposed  to  wait  for  further  evidence  before  definitely 
accepting  Beairicea  as  a  genus  of  Stromatoporoids. 

(VI.)  The  Nature  of  Caunopora. — The  author  discusses  in  detail  the 
much-debated  subject  of  the  nature  of  the  Stromatoporoids,  in  which 
the  coenosteum  is  traversed  by  thick- walled  tubes  at  right  angles  to 
the  concentric  laminae  of  the  fossil.  These  tubes  are  frequently 
tabulate,  and  in  some  cases  they  possess  spines  resembling  the  spinal 
septa  of  Favosites  or  Syringopora,  and  they  are  usually  all  connected 
together  and  open  into  each  other,  whilst  at  the  same  time  no  com- 
munication can  be  traced  between  them  and  the  interlaminar  spaces 
of  the  Stromatopora  itself.  Prof.  Nicholson  has  established  the  fact 
that  in  several  distinct  species  of  Stromatopora  and  Strom atoporeUa, 
there  are  two  states  of  the  same  species  occurring  in  the  same  locality, 
one,  in  which  the  so-called  "  Caunopora  "  tubes  are  present,  and  the 
other  in  which  these  structures  are  entirely  wanting.  It  follows  from 
this,  that  the  existence  of  these  tubes  can  in  no  wise  characterize  a 
particular  genus,  and  therefore  the  names  of  Caunopora,  Phill.,  and 
Diapora,  Barg.,  must  be  abandoned. 

In  character  these  ''  Caunopora  "  tubes  closely  resemble  the  tubes 
of  Syringopora  and  Aulopora,  and  by  Bcemer,  Carter,  and  others 
they  are  believed  to  be  independent  organisms  enveloped  in  the 
growth  of  the  Stromatopora.  There  are  certain  difficulties  against 
the  acceptance  of  this  theory ;  one  is  the  fact,  that  many  of  these 
tubes  are  not  known  independent  of  their  Stromatopora  envelopment 
The  "  Caunopora  "  tubes  often  occur  also  in  localities  where  indepen- 
dent forms  of  Syringopora  are  altogether  absent,  and  on  the  other 
hand,  where  the  corals  are  abundant,  the  "  Caunopora "  forms  of 
Stromatopora  are  rare.  It  is  possible  that,  owing  to  the  commensal 
mode  of  growth,  distinct  forms  of  Syringopora  and  Aulopora  may 
have  been  produced.  The  author  arrives  at  the  conclusion  that 
"  the  fossils  ordinarily  called  *  Caunopora  *  and  *  Diaporce  *  are  the 
result  of  the  combined  growth  of  some  Stromatoporoid  with  some 
Coral,  the  former  usually  being  a  species  of  Stromatopora  or  Stroma- 
toporella,  and  the  latter  generally  belonging  either  to  Syringopora  or 
to  Aulopora,'' 

In  concluding  this  notice,  we  may  call  attention  to  the  beautiful 
plates  in  which  the  minute  structures  of  the  organisms  described  are 
fully  illustrated.  The  plates  have  been  drawn  by  the  author  and 
lithographed  by  Mr.  Hollick.  This  first  part  of  the  Monograph 
needs  no  commendation.  It  is  a  very  important  contribution  to  the 
knowledge  of  a  most  puzzling  group  of  organisms,  and  the  subject  is 
treated  with  that  thoroughness  which  specially  characterizes  Prof. 
Nicholson's  work.  G.  J.  H. 
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II. — Report  on  the  Invebtebrata  of  the  Laramie  and  Creta- 
ceous Hooks  of  the  North-west  Territory.  Contributions 
to  Canadian  PalsBontology.  By  J.  F.  Whitkaves,  F.G.S.,  etc. 
PalsBontoIogist  and  Zoologist  to  the  Survey.  Vol.  I.  Part  1. 
8vo.  pp.  89  and  6  Plates.     (Montreal,  Dawson  Bros.,  1885.) 

UNDER  the  title  of 'Contributions  to  Canadian  Palaeontology,'  it  is 
proposed  to  publish  such  papers  as  cannot  be  conveniently  included 
in  either  of  the  volumes  on  the  Palaeozoic  or  Mesozoic  Fossils  of 
Canada,  now  in  course  of  preparation.  This  first  part  contains  a  deter- 
mination of  the  marine,  brackish,  and  freshwater  invertebrate  fossils 
— with  one  exception,  all  moUusca — collected  by  Dr.  G.  M.  Dawson 
and  others  in  the  North-west  Territory  of  Canada.  Many  of  these 
fossils  have  already  been  described  by  Messrs.  Meek  and  Hay  den 
and  other  United  States  palaeontologists,  and  of  these  reference  is 
made  to  the  synonymy,  and  the  localities  are  given  where  they  occur. 
The  new  forms  are  fully  described  and  figur^.  They  include  Unio 
Albertensis,  Anomia  peratrigosa,  Corhicula  ohliqvM,  C.  perangtdata, 
PanopcBa  simvlairix,  P,  curta,  Acdla,  sp.,  Physa  Copei,  var.  Canadensis, 
Acroloxus  radiattdusy  Paiula  angidifera,  P.  ohtusata,  Anchistoma 
parvtdum,  Vcdvata  filosa,  V.  hicincta,  Oervillia  recta,  var.  horealia, 
Modiola  dichoioma,  Cyprina  ovata,  var.  alta,  Protocardia  borealis, 
PanopcBa  svhovalis,  Scaphites  suhglohosus,  Crenella  (?)  parvuda,  Unio 
supragihbosns,  Bhytophorus  glaher,  Planorbis  paueivolvis,  Hydrobia 
subcylindracea,  and  the  solitary  Crustacean  Jloploparia  ?  Canadensis. 
The  rocks  from  which  these  fossils  have  been  obtained  are  fully 
described  by  Dr.  G.  M.  Dawson  in  the  Report  of  Progress  of  the 
Geological  Survey  of  Canada,  1882-4.  In  the  Laramie  Group  are 
included,  (1)  Porcupine  Hill  beds,  of  freshwater  sandstones  and  shales 
—2500  feet ;  (2)  Willow  Creek  beds,  also  fresh  water— 460  feet ;  (3) 
St  Mary  River  Series,  nearly  all  freshwater — 2800  feet;  thus  making 
a  total  thickness  of  5750  feet  of  strata  assigned  to  the  Laramie 
Group.  In  the  underlying  (so-called)  Cretaceous  series  the  following 
subdivisions  are  made:  (a)  Fox  Hill  Sandstones,  brackish- water, 
80  feet ;  (6)  Pierre  shales,  marine,  750  feet ;  (c)  Belly  River  series, 
910  feet ;  {d)  Lower  dark  shales,  800  feet ;  in  all  a  total  thickness 
of  2540  feet.  The  stratigraphical  disposition  adopted  by  Dr.  G.  M. 
Dawson  of  a  Cretaceous  series  and  an  upper  series-^  the  Laramie— 
of  extra  Cretaceous  rocks,  is  not,  according  to  Mr.  Whiteaves, 
supported  by  the  palaeontological  evidence.  This  author  states  that 
the  **  invertebrate  fauna  of  the  *  Belly  River  series '  seems  to  be 
essentially  the  same  as  that  of  the  Laramie  of  the  United  States  and 
Canada,  unless  more  than  one  formation  has  been  confounded  under 
the  latter  name,  and  that  it  is  at  present  scarcely  possible  to  separate 
the  '  Lower  Dark  Shales '  of  Dr.  Dawson's  Report  from  the  *  Fort 
Pierre  and  Fox  Hill  Groups '  on  purely  palaeontological  grounds." 
If  this  statement  is  correct,  that  the  fossils  of  these  two  important 
series  of  strata  are  similar,  it  would  be  interesting  to  know  the 
reasons  which  have  led  to  the  separation  of  the  Laramie  division 
from  the  Cretaceous  in  Canada.  G.  J.  H. 
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III. — PUBUOATIONS  OF  THE    PaLAOMTOOBAPIOAL   SoCIBTT,    LoNDOK. 

4to.  Vols.  XXXIIL— XXXIX.,  1879—1885.  President:  Sir 
Eichard  Owen,  K.C.B.,  M.D.,  D.C.L.,  LL.D.,  F.R.S.,  F.G.S.,  eta 
Secretary :  Professor  T.  Wiltehire,  M  A.,  F.G.S.,  25,  Granville 
Park,  Lewisham,  S.E.  Treasurer :  Bobert  Etheridge,  Esq.,  F.R.S., 
F.G.S.,  British  Museum  (Natural  History),  Cromwell  Road,  S.W. 

THE  PalsBontographical  Society  was  established  in  the  year  1847, 
for  the  purpose  of  figuring  and  describing  the  whole  of  the 
British  fossils.  Each  person  subscribing  One  Guinea  is  considered 
a  Member  of  the  Society,  and  is  entitled  to  the  Volume  issued  for  the 
year  to  which  the  subscription  relates. 

Surely  this  is  a  Society  that  has  the  highest  possible  claims  upon 
the  consideration  of  every  geologist,  who  must,  as  a  matter  of  course, 
be  deeplv  interested  in  the  past  Life-history  of  the  Earth  whose 
crust  he  is  bound,  hammer  in  hand,  to'  explore. 

It  seems  rather  surprising  that  only  475  Members  should  at  present 
be  found  willing  to  subscribe  an  annual  guinea  for  so  grand  a  publi- 
cation, one  which,  in  a  mere  mercantile  sense,  is  richly  worth  two  gtUnea$, 
in  a  scientific  point  of  view,  would  be  cheap  at  four  guineas  a  year ! 

The  following  is  a  summary  of  the  contents  of  the  last  seven 
volumes  issued : — 

Vol.  XXXIIL  for  the  year  1879,  contains  :— 

The  Eocene  Flora,  Part  I.  by  Mr.  J.  8.  Gardner  and  Baron  Ettingsbanien, 
6  plates. — Second  Supplement  to  the  Cng  Mollusca  (UniTalves  and  BivalTc«),  bj 
Mr.  S.  V.  Wood,  6  plates.  (Complete  with  Title  paj?e  and  Index).— The  Fossil 
IW^ontVs,  No.  V.  (C0nelution)y  by  Dr.  Lyeett,  1  plate. — The  Lias  Ammonites, 
Part  II.  by  Dr.  Wright,  10  plates.~Sni»lement  to  the  Beptilia  of  the  Wealden 
OGonicphoiU,  Brmehyduttt,  ltanno»uehu$^  Tk0rio$uehuSf  and  SuthsteM^  No.  IX.  bj 
JProf.  Owen,  4  plates.— The  Fossil  Elephants  {£.  jMnmtyMi«iw),Part  II.  by  Prof. 
Leith  Adams,  10  plates. 

Vol.  XXXIV.  for  1880,  comprises  :— 
The  Eocene  Flora,  Part  II.  by  Mr.  J.  S.  Gardner  and  Baron  Ettingshansen. 
6  plates.  -  The  Fossil  Echinodermata,  Oolitic,  Vol.  IL  Part  III.  (Asteroidea  ana 
Ophiuroidea),  by  Dr.  Wright,  3  plates.  ^Complete].— Supplement  to  the  Fossil 
Brachiopoda,  III.  (Permian  and  Carboniferons),  by  Mr.  Dayidson,  8  plates. — 
The  Lias  Ammonites,  Part  III.  by  Dr.  Wright,  22  plates.— The  Reptilia  of 
the  London  Clay,  Vol.  II.  Part  I.  {CheUme)  by  Prof.  Owen,  2  plates. 

Vol.  XXXV.  for  1881,  embraces  :— 
The  Fossil  Echinodermata,  Cretaceous,  Vol.  I.  Part  IX.  by  Dr.  Wright,  6  plates. 
^  Supplement  to  the  Fossil  Brachiopoda,  Part  IV.  (DeTonian  and  Silurian,  from 
Budlei^h-Salterton  Pebble  Bed),  by  Dr.  Davidson,  6  plates.— The  Fossil 
TrigonuB  (Supplement  to  No.  1),  by  Dr.  Lyeett.— The  Lias  Ammonites,  Part 
IV.  by  Dr.  Wnght,  10  plates.—The  Reptilia  of  the  Liassic  Formations,  Part 
III.  (ConeluBum)^  by  Prof.  Owen,  13plates.— The  Fossil  Elephants  (£.  primi- 
ffsniuM  and  £,  meridionali*).  Part  III.  {Conclution),  by  Prof.  Leith  Adams,  18 
plates. 

Vol.  XXXVI.  for  1882  includes  :— 
The  Eocene  Flora,  Vol.  I.  Part  III.  {Conclmtion),  by  Mr.  J.  S.  Gardner  and  Baron 
Ettingshausen,  2  plates. — Third  Supplement  to  the  Crag  Mollusca,  by  the  late 
Mr.  6.  V.  Wood,  I  plate.  (Complete).— The  Fossil  Eohinndetmata,  Cretaceous 
Vol  I.  Part  X.  {Cot>ciu$um),  by  Dr.  Wright,  6  plates.— Supplement  to  the  Fossil 
Brachiopoda,  Vol.  IV.  Part  V.  (ConeiMioH)^  by  Dr.  Dayidson.^ Supplement  to 
the  Fossil  Brachiopoda,  Vol.  V.  Part  I.  (Devonian  and  Silurian),  by  Dr.  Dayid- 
Bon,  7  pktes.— The  Lias  Ammonites,  Part  V.  by  Dr.  Wright,  22  plates. 
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Vol.  XXXVn.  for  1883,  contains  :— 

The  Eocene  Flora,  Vol.  II.  Part  I.  by  Mr.  J.  8.  Gardner,  9  plates.— The  Trflo- 
bites  of  the  Siloiian,  Deyoniaa,  ^,  Fonnationn,  Part  Y  (Omelutioti),  by  the 
late  Mr.  J.  W.  Salter.— The  Carboniferous  Trilobitee,  Part  I.  by  Dr.  H.  Wood- 
ward, 6  plates. — Supplement  to  the  Fossil  Brachiopoda,  Vol.  Y.  Part  II. 
(Silurian^,  by  Dr.  Davidson,  10  plates. — The  Fossil  Tr^niffi  (Supplement 
No.  2),  Dy  the  late  Dr.  Lycett,  4  plates.  (Complete).— Tm  liaa  Ammonites, 
Part  YI.  by  Dr.  Wright,  8  plates. 

Vol.  XXXVIII.  for  1884,  comprises  :— 
The  Eocene  Flora,  Vol.  II.  Part  II.  by  Mr.  J.  8.  Gardner,  11  plates.— The  Car- 
boniferous Entomostraca,  Part  I.  No.  2  {Conclusion),  by  Prof.  T.  Rupert  Jones, 
Kr.  J.  W.  Kirby,  and  Prof.  G.  S.  Brady,  2  plates.— The  Carboniferous  Trilo- 
bites.  Part  II.  by  Dr.  H.  Woodward,  4  plates.  (CbiM/i«nm).  ^Supplement  to 
the  Fossil  Brachiopoda,  Vol.  V.  Part  III.  (Conclusion) ,  by  Dr.  Davidson, 
4  plates.  ~  The  lias  Ammonites,  Part  YII.  by  Dr.  Wright,  10  pktes. 

Vol.  XXXIX.^  for  1886,  embraces:— 

1.  The  Eocene  Flora,  Vol.  II.  Part  III.  (Conclusion),  by  Mr.  J.  S.  Gaidner,  F.G.S., 
with  7  plates.— 2.  The  Stromatoporoids,  Part  I.  by  Prof.  H.  Alleyne  Nicholson, 
H.D.,  D.Sc.,  F.R.S.E.,  F.G.S.,  with  11  plates.-3.  The  Fossil  Brachiopoda 
(Bibli^raphy),  Vol.  VI.  (Conclusion),  by  the  Ute  Dr.  Davidson,  F.E.8.,  and 
Mr.  W.  H.  Dalton,  F.G.S.— 4.  The  Lias  Ammonites,  Part  VIIL  (Omclusum), 
by  the  Ute  Dr.  Wright,  F.B.S.,  with  1  pUte. 

From  this  it  will  be  seen  that  seventeen  Monographs  are  brought 
to  a  conclusion  and  have  their  Indices  and  Title-pages  provided  for 
them ;  whilst  fresh  Monographs  are  announced  as  in  progress.  On 
the  Fossil  Tertiary  Plants,  by  J.  Starkie  Gardner,  F.G.S.— On  tho 
Coal-Plants,  by  Prof.  Williamson,  F.R.8.,  of  Manchester.— On  the 
Stromatoporoids,  by  Prof.  H.  Alleyne  Nicholson,  M.D.,  F.R.S.E.,f 
eta— -On  the  Fossil  Sponges,  by  Dr.  G.  J.  Hinde,  F.G.8.— On  the 
Gasteropoda  of  the  Jurassic  Rocks,  by  Wilfrid  H.  Hudleston,  MA., 
F.R.a,  F.L.S.,  F.G.S.  — On  the  Oolitic  Cephalopoda,  by  Mr.  J. 
Buckman. — On  the  Phyllopoda  of  the  Palssozoic  rocks,  by  Professor 
T.  Bupert  Jones,  F.R.8.,  F.G.S.— On  the  Entomostraca  of  the  Cre- 
taceous formation,  by  Prof  T.  Bupert  Jones,  F.R.S.,  F.G.S.,  and  Dr. 
G.  J.  Hinde,  F.G.S. — On  the  Trilobita  of  the  Silurian  and  Cambrian 
formations,  by  Henry  Woodward,  LL.D.,  F.R.S.,  F.G.S.,  and  On 
British  Fossil  Malacostraca,  by  the  same  author. — ^The  Graptolites  of 
the  Cambrian  and  Silurian  formations,  by  Prof.  Charles  Lapworth, 
LL.D.,  F.G.S.,  etc.— The  Fishes  of  the  Carboniferous  Formation,  by 
Dr.  R.  H.  Traquair,  F.R.S.,  F.G.S.,  etc 

Other  Monographs  are  no  doubt  forthcoming ;  but  with  such  an 
attractive  bill  of  fare  for  the  present  and  future  years,  who,  that  ia 
interested  in  palsBontology,  can  withhold  his  subscription  in  support 
of  so  splendid  and  National  a  work  ? 


I. — BoTAL  Gkolooioal  Sooiktt  of  Ibblamd.     (Abstbaot.) 
At  the  Anniversary  Meeting  on  the  17th  inst.  (Felnruary)  a  paper 
was  read  by  Mr.  A.  B.  Wynne,  F.G.S.,  "  On  some  recent  discoveries 
of  interest  in  the  Geology  of  the  Punjab  Salt  Range." 
*  Con^leted  and  ready  for  iasiie  oa  Fehmary  15th,  188G.    f  See  a]ite,pp.  128-128. 
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The  author  refraiDed  from  attempting  any  lengthened  treatment 
of  80  large  a  subjeot  as  the  geology  of  this  region,  having  already 
contributed  various  reports  and  papers  to  the  mass  of  information 
existing  in  some  forty  publications  which  formed  the  geological 
literature  of  the  Range  during  the  last  fifty-seven  years.  Of  these 
numerous  publications,  some,  if  not  absolutely  mythological,  trenched 
largely  upon  the  limits  of  romance ;  some,  like  Dr.  Fleming's,  were 
most  valuable  records  of  close  scientific  observation;  and  others, 
such  as  Dr.  Jameson's,  possessed  historic  interest,  and  showed 
the  difficulties  under  which  the  pioneers  of  geological  research 
explored  that  country.  This  officer  related  how — in  his  progress 
through  the  then  native  territory  of  the  Salt  Range,  eta,  in  order  to 
investigate  the  causes  of  those  debacles  which  sometimes  carry  de- 
vastation along  the  course  of  the  Upper  Indus  towards  the  Plains-— 
his  party  was  beset  in  the  Eotul  Pass  in  the  year  1841,  his  followers 
killed,  and  his  personal  efifects  and  MS.  notes  all  plundered  by 
Afridi  robbers,  he  himself  escaping  with  his  life  only  to  be  im- 
prisoned in  the  fort  at  Kohat 

Some  reference  to  the  position,  etc.,  of  the  Salt  Range  was  neces- 
sary, in  order  that  people  at  this  distance  from  that  locality — some 
5000  to  6000  miles — might  more  readily  comprehend  the  references 
to  be  made.  The  Range  was  described  as  subtending  that  angle  of 
Northern  India  embraced  between  the  Great  Himalayan  and  Suliman 
Mountains.  It  would  almost  appear  to  have  yielded  to  the  thrust 
from  these  vast  masses  at  each  end  so  as  to  have  assumed  curvature 
amounting  to  sigmoid  flexure  along  the  strike,  in  the  effort  to  adapt 
itself,  so  to  speak,  to  restricted  limits ;  while  its  geological  series 
forming  a  semi-anticlinal  arch,  as  a  dominant  feature,  presented  a 
grand  fagade  of  precipices  with  a  general  height  of  2000  feet,  and  a 
culminating  one  of  over  5000  feet  above  the  sea ;  overlooking  the 
plains  and  deserts  to  the  south,  and  rising  from  amongst  chaotic 
masses,  the  wreckage  and  ruins  of  their  own  materials.  On  the 
north  it  sloped  more  gently  beneath  the  elevated  steppe-like  plateau 
of  Rawul  Pindi,  this  having  a  height  of  1600  to  1700  feet  above  sea- 
level. 

The  range  possesses  interest  geologically,  as  affording  almost  the 
only  opportunity  of  studying  an  extensive  series,  embracing  groups 
belonging  to  nearly  all  the  chief  periods  from  early  PalsBOzoic  to 
later  Eainozoic  time;  geographically  interposed  between  the  re- 
markably dissimilar  geological  areas  of  Peninsular  India  and  the 
Himalaya,  each  of  which  had  a  geological  history  peculiarly  its 
own.  But  the  Salt  Range  was  also  important  by  reason  of  the  great ' 
value  of  its  inexhaustible  mineral  resources;  its  500  feet  of  rock 
salt  beds,  traceable  for  ISO  miles,  producing  an  increasing  annual 
revenue,  some  years  since  estimated  at  over  £382,650  sterling; 
resources  which  now  require  a  special  branch  railway  and  bridge 
across  the  River  Jhelum  (the  ancient  Hydaspes)  to  transport 
the  salt 

Certain  varieties  in  the  relative  fullness  of  the  sections  displayed 
at  the  centre  and  at  each  end  of  the  Range  were  described^  such  as 
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the  limitation  of  the  "Carboniferous  or  Froductus  Limestone"  to  the 
west  of  the  Range :  a  formation  also  remarkable  for  its  having  afforded 
the  earliest  known  Ammonite  and  the  peculiar  Brachiopoda  Lyttonia 
and  Oldhamini  (Waagen),  found  only  in  two  other,  distant,  Eastern 
localities,  one  of  them  being  in  China.  The  last-named  of  these 
forms  had  been  previously  described  as  a  Bdlerophon,  whilst  the 
rugose  interior  aspect  of  the  larger  valves  of  Lyttonia  had  been 
regarded  as  fish  teeth. 

Attention  was  called  to  the  absence  of  any  recognizable  Devonian 
group  in  the  Range  and  to  the  recent  interesting  discovery  by  Dr. 
H.  K.  Warth,  Ph.D.,  Indian  Public  Works  Department,  of  what  are 
claimed  to  be  Devonian  fossils  ;  particularly  those  of  the  genus  Conu- 
laria ;  inclosed  both  as  rolled  fragments  in  the  matrix  and  also  in 
derivative  pebbles,  within  a  certain  conglomerate-layer,  traceable  for 
miles  in  the  eastern  part  of  the  Range  above  the  Mayo  Salt  Mines, 
and  included  in  the  upper  part  of  an  olive  group  of  rocks  referred 
by  Dr.  W.  Waagen  and  the  author,  when  jointly  classifying  the 
Salt  Range  series,  to  a  presumably  Cretaceous  horizon.  Specimens 
of  the  Conularia  were  exhibited,  which,  on  being  compared  with  a 
published  figure  of  Conularia  omata  from  the  Devonian  formation, 
presented  a  striking  identity,  but  no  published  determination  of 
these  Salt  Range  forms  was  as  yet  known.  ^ 

It  was  pointed  out  that  none  of  the  Himalayan  or  other  neighbour- 
ing rocks  (including  those  of  the  Salt  Range)  contained  any  established 
Devonian  horizon,  nor  any  beds  with  which  the  pebbles  containing 
these  fossils  could  be  actually  identified.  Still  their  pale  colour  might 
suggest  that  they  came  from  some  part  of  a  very  pronounced  group 
in  the  lower  part  of  the  series  which  had  been  called  the  "  Magnesian 
Sandstone  Division,"  resting  upon  the  Silurian  or  *•  Obolus  zone." 
The  group  had,  however,  hitherto  proved  quite  unfossiliferous. 

Turning  unwillingly  from  this  conjecture,  if  another  origin  for  the 
pebbles  were  to  be  sought,  the  next  most  possible  supposition  would 
be  that  the  parent  rock  lay  to  the  south  and  belonged  to  a  land  long 
since  buried  beneath  the  alluvial  plains  and  deserts  which  stretched 
southwards  into  Scind— a  land  perhaps  connected  with  the  lost  conti- 
nent of  Lemuria,  supposed  to  have  united  India  with  Africa. 

One  small  group  of  hills  called  the  Korana  Hills  projects  from 
the  plains  of  the  Chenab  river,  about  forty  miles  southward  of  the 
Salt  Range;  these  had  been  visited  by  both  Dr.  Fleming  and  by 
Mr.  Theobald.  Their  dark  slaty  rocks,  however,  as  described  by 
those  gentlemen,  afford  no  clue  to  the  identification  of  the  derived 
Conularia  pebbles,  and  present  no  similarity  either  to  any  belong- 
ing to  the  Salt  Range. 

Instances  of  the  occurrence  of  other  detrital  deposits  in  the  Range, 
the  coarse  materials  of  which  were  likewise  untraceable  amongst 
the  surrounding  rocky  tracts,  were  alluded  to  as  strengthening  the 
supposition  of  a  lost  continent  to  the  south,  which  had  furnished  hard 
metamorphic  detritus  at  various  periods  in  the  history  of  the  Salt 
Bange.  These  deposits  were  found  immediately  overlying  the  salt 
and  gypseous  marl  at  the  base  of  the  series :  again  near  the  Silurian 
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horizon,  and  in  the  **  OliTe  group  "  with  the  Conviaria  layer,  hot 
lower  in  position.  From  these  Mr.  Theohald  had  obtained  at  least 
one  glaciated  boulder.  A  still  newer  band  marked  by  boulders  of  a 
red  granite,  the  souroe  of  which  was  quite  unknown,  occurred  in  the 
Tertiary  beds  above  the  Eocene  Limestone  of  the  Range. 

The  interest  of  Dr.  Warth's  discovery  was  enhanced  by  the  con- 
spicuous absence  of  known  Devonian  rocks  among  the  formations  of 
Northern  India,  if  not  from  Indian  series  generally,  and  in  the  hope 
that  some  further  determinations  would  be  made,  the  specimens 
kindly  sent  from  the  Punjab  by  Dr.  Warth  were  handed  over  by  the 
author  to  the  Museum  of  Trinity  College,  Dublin,  through  its 
Curator,  the  Professor  of  Geology,  etc.,  W.  J.  Bellas,  D.Sc.,  LL.D., 
who  promised  attention  to  the  subject,  and  noted  much  similarity 
between  the  contents  of  the  Salt  Range  Cretaceous  deposits  and  con- 
ditions, and  those  of  Cambridge. 


n. — BsLFAST  Natubal  Histobt  Sooistt. 

MosasauruB  graciliB,  Owen,  from  the  Irish  Chalk. 

At  a  meeting  of  the  Belfast  Natural  History  and  Philosophical 
Society,  held  in  their  museum  on  Tuesday,  February  the  2nd,  the 
President,  W.  H.  Patterson,  Esq.,  M.R.I.A.,  in  the  Chair,  a  short 
communication  was  brought  forward  by  Mr.  W.  Swanston,  F.G.S.,  on 
the  occurrence  of  remains  of  AfoiaaaurtM  gracilis,  Owen,  recently 
presented  to  the  Museum  by  Mr.  Turner,  Mountain  Bush,  in  whose 
quarries  at  Whitewell  the  specimen  was  found.  The  fossil  is  por- 
tion of  the  caudal  vertebr»,  consisting  of  three  joints  attached,  very 
dosely  resembling  the  specimen  figured  in  the  PalsBontographicid 
Society's  Joum.  1861,  voL  viii.  fig.  3.  This  is  the  first  record  of  the 
species  from  Irish  strata.  The  quarries  from  which  the  specimen 
was  obtained  are  in  the  White  Limestone  (Upper  Chalk),  most  pro- 
bably the  zone  of  Ammonites  QoUeviUensis,  representing,  according  to 
Professor  Ralph  Tate,  F.G.S.,  the  Upper  Chalk  of  Norwich,  and  the 
*'  Craie  de  Meudon,"  and  some  of  its  fossils  point  to  even  a  higher 
parallel,  that  of  the  Maestrioht  Chalk  (Quart  Joum.  Qeol.  Soc. 
Ix>ndon,  1865,  vol  xzi.  p.  d6). 

in. — Oeolooioal  Sooiett  of  London. 

L—Jan.  27, 1886.— Prof.  T.  G.  Bonney,  D.Sa,  LL.D.,  F.R.S., 
President,  in  the  Chair. — The  following  communications  were  read  : 

1.  "On  the  Fossil  Mammalia  of  Maragha,  in  North-western 
Persia."    By  R.  Lydekker,  Esq.,  B.A.,  F.G.S.,  eta 

The  author  alluded  to  the  important  memoirs  of  Messrs.  Grewingk, 
Pohlig,  and  Rodler  on  the  Maragha  mammalia,  and  having  expressed 
the  hope  that  his  notice  would  be  regarded  as  an  attempt  to  assist 
rather  than  to  interfere  with  their  work,  mentioned  a  collection  of 
specimens  from  Maragha  sent  by  Mr.  Damon  to  the  British  Museum. 
He  fully  confirmed  the  conclusions  already  arrived  at  as  to  the 
identity  of  many  of  the  Maragha  mammals  with  those  of  Pikermi, 
and  thought  that  Giraffa  altica,  Falaoryx  Pallasi,  Sus  etymanthius, 
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Mastodon  penielict,  and  Helladothertum  Duvemoyi  might  be  added  to 
the  list  of  species  already  reoorded.  He  also  recorded  the  French 
Felia  breviroBttis  ;  a  Rhinoceros,  apparently  allied  to  R,  antiquitaiis  ; 
and  R,  Blanfordi,  of  the  north- west  portion  of  India  and  China.  The 
paper  concluded  with  some  observations  regarding  the  relations  of 
the  PalsBarctio  and  Oriental  Pliooene  fannas. 

2.  "  On  the  Pliocene  of  Maragha,  Persia,  and  its  resemblance  to 
that  of  Pikermi,  in  Greece ;  on  Fossil  Elephant-remains  of  Caucasia 
and  Persia ;  and  on  the  results  of  a  Monograph  of  the  Fossil  Ele- 
phants of  Germany  and  Italy."  By  Dr.  H.  Pohlig.  Communicated 
by  Dr.  G.  J.  Hinde,  F.G.S. 

The  principal  object  of  the  author  in  making  a  geological  tour 
through  part  of  Persia,  in  1884,  was  the  exploration  of  a  deposit 
containing  Pliocene  mammals,  discovered  thirty  yeara  ago  near 
Maragha,  east  of  Lake  Urumia,  by  Gobel  and  Ehanikoff.  The  first 
part  of  the  present  paper  gives  a  brief  account  of  the  results  of  this 
exploration,  together  with  a  list  of  the  fossils. 

The  ossiferous  deposits  near  Maragha  are  of  fluvio-lacustrine 
origin,  and  consist  chiefly  of  reddish  marls,  similar  to  those  of 
Pikermi,  and  formed  from  the  detritus  of  the  volcanic  mountain  of 
Sahend.  These  Pliocene  beds  rest  upon  horizontal  Cretaceous  strata, 
and  pass  upwards  into  Pleistocene  deposits  with  erratic  blocks. 

In  the  list  of  fossil  mammalia  it  is  shown  that  several  are  the 
same  as  Pikermi  forms.  A  Hipparion,  probably  identical  with  R. 
gracile,iB  the  most  abundant  The  supposed  occurrence  of  Pleis* 
tocene  forms,  such  as  Rhinoceros  tichorhinus,  associated  with  the 
Maragha  Pliocene  fossils,  is  probably  an  error. 

The  second  part  of  the  paper  contains  notes  on  specimens  of 
Elephas  primigenius,  chiefly  in  the  Museum  of  Tiflis.  The  third 
part  gives  very  briefly  the  principal  results  of  the  author's  exami- 
nation of  Pleistocene  Proboscidea  in  the  various  museums  of  Europe, 
especially  in  those  of  Germany  and  Italy,  and  concludes  with  his 
views  with  respect  to  Elephas  antiquusj  E.  melitCB  (which  he  con- 
siders a  dwarf  form  of  E.  antiquus),  E,  meridionalis,  E.  hysudricus 
(which  the  author  considera  identical  with  E.  meridionalis),  E.  primi' 
genius,  and  a  few  other  species,  one  of  which  is  believed  to  be  new. 

d.  <*  The  Thames  Valley  Surfaoe-deposits  of  the  Ealing  District 
and  their  associated  PalsBolithic  Floors."  By  John  Allen  Brown, 
Esq.     Communicated  by  A.  Ramsay,  Esq.,  F.G.S. 

The  author  stated  that  his  paper  might  be  regarded  as  in  some 
degree  supplementary  to  that  by  Colonel  Lane-Fox,  published  in 
the  Quarterly  Journal  of  the  Society  in  November,  1872.  He  re- 
ferred to  Mr.  Whitaker's  division  of  the  Thames- valley  deposits 
into  three  terraces,  namely  : — 1.  The  lowest  now  seen  in  bends  of 
the  river,  10-20  feet  above  O.  D. ;  2.  The  middle  terrace,  20-40  feet ; 
and  3.  The  high-terrace  gravel,  50-100  feet,  extending  up  to  the 
shoulders  of  the  hills,  and,  according  to  the  author,  much  higher. 
The  high-terrace  gpravels  near  Ealing  reach  nearly  to  the  top  of  the 
hills  forming  the  inner  valley-ridge,  the  highest  point  in  which  is 
Uie  Mount  at  Ealing,  204  feet    The  summit  of  this,  when  excavated 
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for  a  reservoir,  was  found  to  be  occupied  by  thick  beds  of  gravel  of 
dififerent  character  from  the  valley -gravels,  and  not  of  fluviatile  or 
estuarine  formation ;  the  same  gravel  occurs  upon  other  elevations, 
and  patches  of  it,  appearing  here  and  there,  show  that  it  probably 
once  extended  right  along  the  ridge  and  over  Hanger  Hill.  Similar 
materials  to  those  forming  this  gravel  also  occur  scattered  over  the 
surface  of  the  ground.  On  the  Mount  these  gravels  filled  a  series 
of  furrows  or  channels,  beneath  which  were  horizontally  stratified 
deposits  of  white  sand,  loam,  and  loamy  clay,  which  were  pressed 
out  of  the  line  of  deposit  where  the  jagged  furrows  occurred ;  and 
from  all  the  characters  presented  the  author  inferred  that  these 
deposits  were  due  to  the  action  of  ice  which  had  stranded  and  melted 
here,  and  deposited  its  burthen  of  glacial  detritus.  The  author 
described  the  deposits  of  gravels,  brick-earth,  etc.,  at  various  points 
in  the  district,  and  noticed  that  the  high-terrace  gravels  between  60 
and  125  feet  contain  seams  of  black  matter,  apparently  due  to  the 
decay  of  vegetable  substances,  which  recur  at  more  or  less  r^ular 
intervals,  and  serve  to  indicate  three  or  four  lines  of  old  land- 
surfaces.  In  connexion  with  these  land-surfaces,  especially  in  some 
pits  excavated  in  the  Greffield  Road,  about  100  feet  above  0.  D., 
numerous  worked  flints  were  found,  the  characters  and  mode  of 
association  of  which  led  the  author  to  think  that  we  have  here  traces 
of  a  regular  manufactory  of  flint  implements.  He  further  indicated 
the  conditions  under  which  he  considered  their  preservation  in  this 
locality  had  taken  place. 

IT.— Feb.  10,  1886.— Prof.  T.  G.  Bonney,  D.Sc.,  LL.D.,  F.R.S., 
President,  in  the  Chair. — The  following  communications  were  read : 

1.  ''On  a  new  species  of  Psiloiitet  from  the  Lanarkshire  Coal- 
field."    By  R.  Kidston.  Esq.,  F.G.S. 

The  specimen  described,  which  was  found  by  Mr.  Walter  Bums 
in  1884,  consists  of  three  parallel  branchlets  with  thorn-like  projec- 
tions on  one  side  only.  The  author  describes  these  as  a  form  of 
Goldenberg's  genus  PatVo/tVea,  and  points  out  that  they  have  much 
resemblance  to  Dawson's  Psilophyton. 

2.  **  The  Melboum  Rock  and  the  Zone  of  Belemnitella  plena^  from 
Cambridge  to  the  Chiltern  Hills."  By  W.  Hill,  Esq.,  F.G.S.,  and 
A.  J.  Jukes-Browne,  Esq.,  F.G.S. 

The  "  Melboum  Rock,"  which  was  first  defined  by  one  of  the 
authors  in  1880,  is  a  band  of  rocky  chalk  which  forms  tbe  base  of 
the  Middle  Chalk  in  Cambridgeshire,  and  occurs  about  80  feet  above 
the  "  Tottemhoe  Stone."  In  the  present  paper  it  was  shown,  as  the 
result  of  the  mapping  operations  of  the  Geological  Survey,  to  form 
a  well-marked  and  constant  feature  in  the  counties  of  Hertford, 
Bedford,  Buckingham,  and  Oxford.  In  the  original  description  of 
the  Melboum  Rock  it  was  confounded  with  the  ''Zone  of  Belem- 
nitella plena  in  a  remani^  condition,"  as  described  by  Dr.  Barrels  ;  but 
it  was  now  pointed  out  that  the  latter  horizon  is  distinct  from  and  un- 
derlies the  latter.  Although  the  zone  of  Belmniiella  plena  has  been 
very  largely  removed  by  erosion  in  the  district  described,  there  is, 
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nevertheless,  eyidence  that  this  erosion  has  gone  on  to  a  different 
extent  in  each  of  the  localities  which  have  been  particularly  studied ; 
and  in  some  places  some  of  the  lower  portions  of  the  rocks  of  that 
horizon  seem  to  have  escaped  denudation. 

The  microscopical  characters  of  the  several  varieties  of  rock  form- 
ing the  Lower  and  Middle  Chalk  of  the  district  were  described,  and  it 
was  shown  that  the  beds  containing  nodules  of  a  different  variety  of 
chalk  which  occur  below  the  Melboum  Bock,  may  have  been 
formed  by  the  washing  away  of  the  finer  particles  from  a  disinte- 
grating mass  of  chalk.  This  mottled  chalk  and  the  overlying 
Melbourn  Rock  are  very  similar  to  the  bed  found  on  the  same 
horizon  in  the  Bichmond  well.  Somewhat  similar  beds  occur, 
however,  at  other  horizons  in  the  Chalk  over  the  district  described 
in  this  paper. 

3.  **  On  the  Beds  between  the  Upper  and  Lower  Chalk  of  Dover, 
and  their  comparison  with  the  Middle  Chalk  of  Cambridgeshire." 
By  W.  Hill,  Esq.,  F.G.S. 

In  introduciog  the  subject  of  this  paper,  the  author  referred  to  the 
divisions  of  the  Upper  Cretaceous  series  given  in  the  *  Geology  of  the 
Neighbourhood  of  Cambridge  '  by  Messrs.  Penning  and  Jukes- 
Browne.  The  Middle  Chalk  was  there  described  as  separated  from 
the  Lower  by  the  Melbourn  Hock,  which  also  appeared  to  coincide 
with  a  marked  palssontological  break,  and  from  the  Upper  Chalk  by 
the  well-known  Chalk  Rock,  this  rocky  bed,  10  feet  in  thickness, 
being  included  in  the  Middle  Chalk.  The  division  thus  made  corre- 
sponded exactly  with  the  Turonian  of  French  authors. 

The  author,  giving  a  description  of  the  Middle  Chalk  seen  in  the 
cliffs  east  and  west  of  Dover,  stated  that  the  grit  bed  of  Mr.  Price, 
though  much  thicker,  had  all  the  appearance  and  structure  of  the 
Melbourn  Rock,  and  this,  with  less  hard,  but  still  nodular,  chalk  above, 
appeared  to  be  the  equivalent  of  the  zone  of  if.  Cuvieri  in  Cambridge- 
shire. The  zone  of  Terehratulina  gracilis  is  well  marked  in  the 
Dover  cliffs,  and  is  equal  in  thickness  to  that  zone  as  described  in 
the  Cambr.  Mem.,  viz.  150  feet  Above  this  zone  the  Chalk  became 
harder,  weathered,  with  lumpy  projections,  and  finally  passed  into  a 
series  of  rocky  layers,  separated  by  courses  of  softer  chalk,  containing, 
however,  hard  crystalline  lumps.  The  passage  to  this  rocky  chalk 
was  marked  by  the  occurrence  of  Holaater  planus  (zone  of  jET.  planus). 
The  rocky  layers,  extending  upward  for  80  feet,  were  marked  by  the 
presence  of  numbers  of  Micrasters,  "  Chalk  with  many  Micrasters  "  of 
the  author.  His  division  included  all  the  nodular  chalk  of  Dover, 
the  **  chalk  with  many  organic  remains  "  of  W.  Phillips,  and  in  it  were 
found  the  fossils  recorded  as  peculiar  to  Chalk  Rock  in  the  Geol.  of 
Cambridgeshire.  It  appeared  divisible  into  two  zones;  the  lower, 
15  feet,  with  Mieraster  hreviporus  (zone  of  ilf.  hreviporus),  may  be 
considered  by  some  to  be  an  extension  of  the  zone  of  H.  planus,  the 
form  which  marks  the  passage  from  the  soft  to  the  hard  chalk.  In 
the  remainder  M.  cor-testudinarium  was  common  (zone  of  M,  cot' 
testudtnarium) . 

Seen  in  thin  sections  under  the  microscope,  the  structure  of  the 
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hard  beds  whioh  mark  the  limits  of  the  Middle  Ohalk  was  stated  to 
be  very  similar. 

In  ooncltision,  the  author  considered  that  the  diyisions  of  the 
Middle  Chalk,  as  set  forth  in  the  Gambr.  Memoir,  are  well  shown 
in  the  cliffs  of  Dover ;  bat  the  hard  beds  which  appeared  to  him  the**, 
equivalent  of  the  Chalk  Rock,  and  mark  the  upper  limit  of  Middle 
Chalk,  attaining  a  great  development  at  Dover,  it  became  necessary 
to  examine  the  palaeontological  position  of  that  bed  to  which  the  name 
"  Chalk  Hock  "  was  given  by  Mr.  Whitaker.  Having  studied  Mr. 
Whitaker's  description  given  in  the  '*  Geology  of  the  London  Basin," 
and  having  examined  exposures  of  this  rock  between  Cambridge  and 
the  Thames,  he  came  to  the  conclusion  that  there  was  probably  more 
than  one  bed  to  which  the  name  Chalk  Bock  might  be  applied,  and 
that  these,  pmbably  not  all  persistent,  may  occur  at  different  pal»on* 
tological  horizons.  He  therefore  proposed  to  take  the  zone  of 
H,  planus  as  the  top  of  the  Middle  Chalk ;  although  this  zone  was 
difficult  to  identify  inland,  from  the  paucity  of  its  fossils,  the  base  of 
the  overlying  zone  was  well  marked  by  the  abundance  of  Micrasters 
and  other  forms,  which  appear  to  him  more  closely  allied  to  Upper 
than  to  Lower  Chalk. 

He  believed  that  while  the  Chalk  Bock  seen  at  Henley  may  be 
considered  the  summit  of  the  Middle  Chalk,  the  Chalk  Bock  of  Cam- 
bridgeshire, though  convenient  for  marking  the  summit  of  the  Middl0 
Chalk  of  that  county,  included  that  which  was  really  the  upper  part 
of  the  zone  of  H.  planus  and  the  base  of  the  true  Upper  Chalk,  the 
equivalent  of  Chalk  with  many  Micrasters  of  Dover. 

He  would  therefore  consider  the  Middle  Chalk  of  Dover  to  be  that 
included  from  the  base  of  the  grit-bed  to  the  summit  of  the  zone  of 
H.  planus.  Its  thickness  was  242  feet  at  Shakespeare's  cliff.  He  was 
indebted  to  M.  Curry,  Esq.,  of  Dover,  for  this  accurate  measurement 

IV. — Highbury  Miobosoopioal  and  Soibntifio  Society. — At  a 
numerously  attended  meeting  of  the  members  of  this  Society,  held 
on  Thursday,  the  28th  January,  at  Mr.  E.  P.  Sell's,  63,  Highbury 
Hill,  the  President,  James  Smith,  Esq.,  F.L.S.,  F.B.A.S.,  moved, 
and  Mr.  Fitch  seconded,  the  following  resolution : — 


"That  the  Members  of  the  Highbury  Microscopical  and 
Scientific  Society  having  heard  with  the  most  sincere  regret 
of  the  death  of  their  Vice-President,  Mr.  J.  B.  Jeaffreson, 
M.B.C.S.,  desire  to  place  upon  record  their  deep  sense  of  the  loss 
they  have  sustained,  and  to  express  their  appreciation  and 
admiration,  not  only  of  his  attainments  as  a  scientific  man,  and 
the  able  manner  in  which  he  discharged  the  duties  of  Presi- 
dent, but  more  especially  of  his  character  as  a  kind  and 
sympathetic  friend ;  and  they  furthermore  desire  that  the 
Secretary  do,  in  a  suitable  manner,  convey  to  Mrs.  Jeaffreson 
and  the  family  the  assurance  of  their  heartfelt  sympathy  with 
them  in  their  sorrow." 
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"CONE-IN-CONE." 

Sib, — I  am  glad  to  observe  in  the  short  article  on  "  Cone-in-cone/' 
•"fcy  Professor  Newberry,  M.D.,  in  the  December  Number  of  the 
Gkologioal  Magazimb  for  1885,  that  he  at  one  time  was  inclined  to 
look  upon  that  structure  as  due  to  "  the  escape  of  gases  through 
a  pasty  medium."  I  think  that  if  he  had  the  opportunity  of  studying 
the  large  series  of  specimens  that  I  have  now  assembled,  and  the 
transparent  sections  of  the  cone  structure  that  I  have  prepared,  he 
would  still  be  inclined  to  favour  that  view  as  an  explanation  of  the 
phenomena  that  they  present,  rather  than  the  one  he  now  adopts, 
viz.  ''  an  imperfect  crystallisation "  of  the  deposit  in  which  it  is 
found.  Professor  Newberry,  after  referring  to  a  number  of  cases 
of  oone-in-cone  structure  that  had  come  under  his  observation  (some 
of  which  apparently  di£fer  from  what  I  have  described),  concludes 
by  stating  that  these  examples  **  seem  to  me  to  be  incompatible  with 
the  theory  that  cone-in -cone  is  caused  by  pressure,  or  the  escape  of 
gases,  and  appear  rather  to  confirm  the  conclusion  that  it  is  due 
to  an  impeded  tendency  to  crystallization."  He,  however,  in  the 
article  in  question,  offers  no  evidence  in  support  of  this  crystallization 
theory,  nor  does  he  explain  in  any  way  the  peculiar  structure  and 
arrangement  of  the  cone  layers.  Those  supporting  a  crystallization 
theory  have  not  referred  to  any  known  law  of  crystallization,  which 
would  account  for  a  structure  agreeing  with  what  is  seen  in  the  best- 
preserved  specimens  of  our  Scottish  cone-in-cone,  or  which  would 
satisfactorily  explain  all  that  is  represented  in  the  external  structure 
of  the  cones,  and  their  terminations  on  the  surface  of  the  bed,  as  is 
briefly  noted  in  the  short  abstract  of  the  paper  I  read  to  our  Glasgow 
Greol.  See.,  and  printed  in  the  June  Number  of  the  Obol.  Mao. 
for  1885.  In  the  abstract,  to  which  1  would  refer  your  readers, 
I  have  endeavoured  to  indicate  what  is  seen  in  both  the  internal  and 
external  structure  of  the  cones,  but  which  I  explain  more  fully  in 
my  paper,  and  T  do  not  think  that  in  either  I  have  ventured 
to  hazard  any  explanation  that  is  not  fully  warranted  by  what 
the  specimens  reveal. 

During  the  progress  of  my  investigations,  I  have  not  wholly 
relied  upon  my  own  judgment  in  coming  to  the  conclusion  that  the 
oone-in-cone  structure  was  due  to  the  escape  of  gases  generated  in 
the  sediment,  but  that  from  time  to  time  I  have  had  the  opportunity 
of  submitting  specimens  and  sections  of  the  structure  to  Dr.  Young, 
Prof,  of  Geology ;  Prof.  Sir  William  Thomson,  President  of  the 
Glasgow  Geol.  Soc.,  and  his  brother  Prof.  James  Thomson,  who  has 
»  paid  some  attention  to  rock  structures;  likewise  to  Mr.  Ferguson, 
Prof,  of  Chemistry  in  this  University,  and  to  others,  on  whose 
opinion  I  could  rely,  and  I  am  pleased  to  be  able  to  state,  that  they 
are  all  inclined — so  far  as  the  specimens  noticed  in  my  paper  are 
concerned — to  agree  to  the  explanation  I  have  given  as  to  the  pro- 
bable origin  of  the  structure.  They  also  agree  with  me  in  thinking 
that  none  of  the  agencies  to  which  oone-in-cone  structure  has  been 
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usually  ascribed — such  as  crystallization,  pressure  acting  on  con- 
cretions in  the  process  of  formation,  or  chemical  deposition  of 
sediment — will  ever  explain  the  points  of  structure  and  other 
characters  seen  in  the  specimens  that  I  have  selected  for.  description, 

HuNTERiAN  Museum,  John  Young. 

Univbbsity,  Glasgow,  Jan.  bth^  1886. 


ON  A  NEW  PERISSODACTYLE  UNGULATE  FROM  WYOMING. 

Sib, — In  the  Geological  Magazine  for  February,  1886,  it  is 
stated,  p.  50,  that  no  Perissodactyle  mammal  was  known  "  to  possess 
tubercular  teeth."  Professor  Cope  does  not  supply  the  characters  to 
which  his  term  'tubercular'  is  applicable.  If  he  would  kindly 
refer  to  p.  362  of  my  •*  Palaeontology "  (2nd  ed.  1861),  enlarged 
views  of  the  molars  of  both  jaws  of  a  genus  of  Perissodactyles 
(Pliolophus),  from  Eooene,  will  be  found.  A  still  earlier  example 
of  *  tubercular*  molars,  in  the  genuB  Hyracotherium,  is  described  and 
figured  in  "  British  Fossil  Mammals  and  Birds/'  8vo.,  1846,  p.  422, 
cut  166 :  also  from  the  'London  Clay.' 

Permit  me  to  add  that  my  estimate  of  the  claims  of  Elephants  and 
Mastodonts  to  rank  as  an  '  Order '  rests  upon  the  multilamellate 
structure,  size  and  succession  of  their  '  grinders/  subordinate  to 
which  dental  character  may  be  cited  a  vertebral  one,  necessitating 
their  special  instrument  the  proboscis.  The  pentadactyle  character 
is  common  to  Proboscidia  with  many  Bodent  genera,  as  well  as  with 
the  older  Eocene  members  of  the  Coryphodont  family,  characterized 
by  Lophiodontoid  modifications  of  the  true  molars.  These  teeth 
afford  the  truest  indications  of  affinity  in  the  Ungulate  series.  The 
diminutive  Rhinoceront-oid  represented  by  the  genus  Hyrax  as  little 
determines  by  molar  characters  an  ordinal  distinction  form  Acero- 
therium  as  do  the  modifications  of  teeth  and  limbs  in  Bradypus 
support  an  ordinal  distinction  in  the  Megatherioid  family. 

BicuABD  Owen. 

THE  "ALASKA   GLACIER." 

Sir, — In  reference  to  the  description  of  the  Great  Olacter  in 
Alaska,  in  "Nature"  (Jan.  28th,  1886),  I  may  draw  attention  to 
the  letter  of  Mr.  J.  Melvin  in  the  same  number,  which  would  appear 
to  throw  light  on  the  subject  of  the  progressive  changes  in  it.  The 
ridges  delineated  in  the  diagram  of  the  Glacier  as  lying  between  the 
body  of  the  Ice  and  the  hill-side  would  seem  to  be  analogous  to  the 
Parallel  Roads  in  Norway  valleys,  only  they  are  formed  on  the  flat 
instead  of  the  slope. 

The  body  of  the  Glacier  seems  evidently  to  have  contracted  itself 
in  consequence  of  loss  of  substance  by  melting  underneath,  and 
withdrawn  itself  by  these  decided  starts  from  the  hill-side,  and  left 
the  ridges  as  relics  of  its  foundations  on  the  bottom  of  the  valley. 

Probably  the  Glacier  ages  ago  was  quite  fiat  on  the  top,  and 
reached  across  to  the  top  of  the  morainic  slope  on  the  hill-side,  and 
it  has  since  lost  great  bulk  below  by  ground  melting,  which  by 
overstretching  has  caused  the  cracks  or  crevasses  on  the  upper 
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sarfaoe  by  consequenoe  of  change  of  shape  from  the  level  to  the 
ooDvez. 

The  iuanel,  opening  out  at  the  butt  of  the  Glacier  on  to  the  sea- 
beach,  has  doubtless  been  the  main  outlet  for  the  ground  melting,  and 
its  arched  shape  may  also  be  deemed  significant  of  the  process  of 
convexity  adopted  by  the  contraction  of  the  Glacier  from  side  to  side. 

The  mechanism  may  be  likened  to  the  curling  in  of  the  sides  of  a 
piece  of  wood  or  paper  when  the  flat  side  is  exposed  to  the  fire, — 
and  it  would  be  all  the  greater  if  the  other  surface  were  damped, 
just  as  the  upper  surface  of  the  Glacier  would  be  by  the  rainfall  or 
snowfall  of  the  season.  Mr.  Melvin's  explanation  of  the  formation 
of  the  Parallel  Roads  in  Norway  valleys  may  therefore  be  pro- 
visionally proposed  to  be  applied  to  the  phenomena  of  other  Olacier 
actions,  but  there  are  many  of  these  probably  that  have  not  convex 
roofs,  nor  ground  tunnels  like  the  Alaska  Glacier.         W.  J.  Black. 

UyiTBD  Sbbticb  Club,  Edinburgh,  February,  1886. 


EDE8TU8  AND  PELEC0PTERU8,  ETC. 

Sir, — I  observe  in  your  interesting  article  on  the  Edestus  Davisii, 
in  the  January  Number  of  the  Geological  Magazine,  that  you  refer 
to  the  genus  Pelecopterus,  Cope,  as  identical  with  Ftychodus^  Agass. ; 
the  pectoral  spines  representing  the  former  being  supposed  to  belong 
to  the  animal  whose  teeth  have  given  origin  to  the  second  name. 

My  studies  of  these  fishes  have  led  me  to  entertain  a  different 
opinion  from  the  above.  Ptychodits,  being  a  shark,  is  not  likely  to 
have  a  pectoral  arch  and  fin  like  that  of  Pelecopterus,  Moreover, 
these  pectoral  spines  have  been  frequently  found  associated  with  the 
jaws  and  teeth  of  the  ''  snout-fishes  "  of  the  Kansas  Chalk,  which 
have  been  described  under  the  generic  head  of  Erisichthe,  Cope. 
Several  species  are  known  (see  Bulletin  U.S.  Geol.  Survey  Terra, 
iii.  1877),  and  one  of  them  is  probably  the  Xiphias  Dixoni  of  Agassiz, 
from  the  Chalk  of  Sussex,  England.  These  genera  cannot  be  re- 
ferred to  any  of  the  existing  orders  of  fishes,  on  account  of  the 
peculiar  structure  of  the  pectoral  arch.  I  have  therefore  placed 
them  in  an  especial  one,  the  Actinopteri  (see  Proceedings  Amer. 
Assoc.  Adv.  Science,  1877(78),  p.  299).  E.  D.  Copb. 

Philadblphia,  Jan.  26,  1886. 

NOTE  ON  THE  ABOVE,  BY  MR.  W.  DAVIES,  F.G.S. 

Professor  Cope  is,  I  think,  mistaken  in  assigning  Xiphias  Dixoni 
to  Agassiz.  The  name  first  appears  in  a  paper  by  Dr.  Leidy  "  On 
Savrocephalus  and  its  Allies,"  in  the  Trans.  Am.  Phil.  Soc.  vol.  zi. 
p.  91,  where  the  name  was  given  to  the  prolonged  ethmoid  bone 
referred  by  Sir  Philip  Egerton  to  Saurocephalus  laneiformis,  as  then 
understood. 

In  that  paper  Dr.  Leidy  proves  that  the  teeth  assigned  by  Agassiz 
to  the  Saurocephalus  of  Harlan  had  no  relation  to  that  genus,  and  he 
refers  the  jaws  and  teeth  from  the  English  Chalk  to  a  new  genus ; 
under  the  name  of  Protoaphyrcena,  Leidy.  The  "rostral"  bones 
described  by  Sir  Philip  Egerton,  he  contended  did  not  belong  to 
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Prctospiyranat  but  to  a  speoiee  of  Xiphias  to  which  he  gave  the 
trivial  name  of  X  Dixoni,  Subsequently,  Prof.  Cope  described  his 
genus  Erisichthe,  which  oertainly  embodies  both  of  Leidj's  species. 
I  may  mention  here  that  the  prolonged  ethmoids  are  foimd  in  onr 
Chalk,  Upper  Qreensand,  and  Gault ;  and  here  also  are  found  (and 
in  no  other  deposit)  the  peculiar  fin-rays  referred  to  FtyfAodm  by 
Agasfiiz.  From  this  association  the  inference  is  natural,  that  the 
ethmoids  and  fins  belong  to  the  same  species  of  fish,  viz.  the 
FroiosphyrcBna  of  Leidy,  Erisichthe,  Cope.  (See  paper  by  W.  Davies, 
F.O.S.,  on  SauroeephaluB  lanciformis  of  the  British  Cretaceous 
Deposits,  with  description  of  a  new  species,  Gbol.  Mag.  1878, 
Decade  IL  VoL  V.  p.  264,  PL  VIII.)— W.  D. 


A  MONUMENT  TO  HORACE-B^NfeDICT  DE  SAUSSITRE.i 
(BoKN  AT  Gbnbya,  1740;  Died  1799.) 

SiB, — Chamounix  is  preparing  to  erect  a  monument  in  memory  of 
our  fellow-citizen  H.  B.  db  Saussubb. 

This  memorial  will  be  placed  at  the  foot  of  Mont  Blanc,  whose 
lofty  summit  the  illustrious  savant  indefatigably  reached,  not  far 
distant  from  the  Col  du  Oeant,  where,  in  pursuit  of  science,  he 
encamped  amidst  snow  and  ice  for  sixteen  days.  In  short,  it  will 
adorn  the  central  position  from  which  all  the  Alpine  excursions  of 
this  intrepid  explorer  originated. 

It  is  impossible  to  enumerate  here  all  the  titles  acquired  by  De 
Saussure  in  the  scientific  world.  Let  us  only  remember  that  he  was 
an  eminent  physician,  a  distinguished  meteorologist,  a  charming 
writer,  who  devoted  thirty  of  the  best  years  of  his  life  to  the  study  of 
those  Alps  whose  beauties  he  revealed  with  precision  and  poetic 
feeling,  and  as  a  conscientious  and  indefatigable  investigator  he 
became  one  of  the  founders  of  modem  geology  by  placing  that 
science  on  its  true  basis — observation. 

llie  proposal  to  raise  a  monument  naturally  met  with  the  most 
sympathetic  support  when  it  was  presented  to  the  members  of  the 
Alpine  Clubs  of  all  countries,  who  met  at  Chamounix  in  August, 
1883,  and  at  Turin  in  August,  1886. 

Since  then  an  Executive  Committee  has  been  formed,  composed  of 
Messrs.  FoUiguet  (Mayor  of  Chamounix),  Tairrez  Payot,  Thevenet, 
President,  and  Maillot,  Secretary  of  the  Mount  Blanc  section  of  the 
French  Alpine  Club,  soliciting  tbem  to  assist  with  their  subscriptions 
the  erection  of  a  monument. 

Switzerland  and  Greneva  in  particular  would  wish  to  be  associated 
with  the  homage  rendered  to  the  merits  of  onr  eminent  citizen. 
Above  all,  the  people  of  Geneva  ought  to  be  interested  in  a  menu* 
ment  designed  to  preserve  the  memory  of  a  man  who  shed  such 
lustre  on  our  city  and  our  ancient  Academy.  One  knows,  in  fact, 
that  in  spite  of  his  numerous  travels  and  his  absorbing  scientific 
studies,  he  found  time  during  many  years  to  occupy  a  modest 

*  Among  TarioiiB  writings,  hia  most  important  work  is  the  record  of  his  Alpine 
obseryations :  "  Voyages  wuob  les  Alpes,"  in  4  toLb.  1779-96. 
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pbilosophioal  oliair  in  his  natiYe  town,  where  he  exhibited  all  the 
high  qualities  of  bis  exalted  intellect 

Jt  is  equally  well  known  that  he  interested  himself  all  bis  life  in 
our  scientific  and  literary  institutions  as  well  as  the  intellectual  and 
material  development  of  our  ancient  Bepublia  Many  of  his 
writings,  unknown  doubtless  elsewhere,  were  receiyed  here,  and  the 
Society  for  the  Advancement  of  Art  founded  by  him  still  continues 
a  work  to  which  be  was  devoted. 

Even  when  this  monument  to  his  memory  shall  luive  been  raised 
on  foreign  soil,  Geneva  will  show  its  gratitude  towards  those  who 
have  taken  the  initiative  in  this  demonstration,  and  will  honour  those 
who  take  part  in  it 

It  is  with  this  firm  assurance  that  the  Committee  at  Geneva  is 
formed  to  collect  subscriptions. 

The  inauguration  of  the  memorial  is  projected  for  the  3rd  of 
August,  1887,  that  being  the  centenary  of  EL  B.  de  Saussure^s 
ascent  of  Mont  Blana  There  is  therefore  no  time  to  be  lost  that  it 
may  be  finished  by  that  date.  It  is  important  that  the  Initiative 
Committee  at  Chamounix  should  know  as  soon  as  possible  the  sum 
they  have  at  their  disposal,  in  order  to  decide  what  form  the  monu- 
ment should  take.  Alphonsb  Favbb, 

6,  Bttb  DBS  6&ANOB8,  GiNBTA,  President  of  the  Swiss 

20/ A  Decmibetf  1885.  Geological  Commission. 

A  MONUMENT  FOR  PROFESSOR  OSWALD  HEER  OF  ZURICH. 

Sib, — Two  years  have  passed  since  Death  carried  ofF  one  of  the 
most  eminent  naturalists  of  our  age — Oswald  Heer.  He  died  on  the 
27th  of  September,  1883.  The  fitting  moment  seems  to  have  arisen 
to  render  Dr.  Heer  a  public  acknowledgment  and  to  raise  a  lasting 
monument  to  his  memory.  We  are  glad  to  be  able  to  inform  you  that 
a  sculptor  of  Zurich,  M.  Horbst,  has  modelled  a  bust  in  clay,  which 
gives  the  naturalist's  expression  in  the  most  pleasing  manner. 

The  work  of  Heer  was  wide-spread.  Although  truly  Swiss  at 
heart,  and  studying  with  delight  the  primitive  history  and  flora  of 
his  native  land,  his  researches  extended  far  beyond  the  limits  of  his 
own  country.  He  had  become  one  of  the  highest  authorities  on  the 
domain  of  vegetable  palasontology,  and  from  all  parts  of  the  world, 
from  the  islands  of  Sunda  and  from  "hyperborean"  lands,  from 
Portugal  and  Eastern  Siberia,  from  the  New  World  as  well  as  the 
Old,  he  gathered  materials  for  his  researches,  and  specimens  came 
for  identification.  The  works  of  Heer  on  the  fossil  flora  of  the 
Polar  regions  have  placed  him  among  the  foremost  ranks  as  one  of 
the  founders  of  modem  botanical  geography ;  for  to  him,  and  him 
alone,  is  due  the  merit  of  having  discovered,  by  studying  the  mar- 
vellous Tertiary  flora  of  Greenland,  Spitzbergen,  and  Arctic  America, 
facts  of  the  utmost  importance  to  science.  His  name  will  perpetu- 
ally remain  united  with  those  who  have  explored  Arctic  regions, 
his  researches  will  long  form  the  basis  of  our  knowledge  of  pre- 
historic climates. 

Feeling  assured  of  the  eminently  international  character  of  Heer*s 
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work,  we  confidently  appeal  to  all  to  raise  a  worthy  monument  to 
his  memory. 

It  is  proposed  tbat  this  monument  should  consist  of  a  marble  bust 
on  a  stone  pedestal,  protected  in  a  suitable  manner  from  the  in- 
clemencies of  the  weather,  to  be  placed  in  the  Botanical  Gardens  at 
Zurich,  on  the  spot  where  Heer*s  energy  was  so  well  displayed. 
The  price  of  the  memorial  would  reach  about  5000  francs. 

Besides  which,  the  sculptor,  M.  Horbst,  is  prepared  to  execute,  for 
150  francs  each,  plaster  casts  of  the  original.  If  you  desire  one  of 
these  copies,  have  the  goodness  to  inform  lis,  when  sending  your 
contribution.  Subscriptions  will  be  gratefully  received  by  Dr.  C. 
Schroter  at  Hottingen,  Zurich.  They  may  be  sent  direct,  or  through 
the  medium  of  the  undersigned. 

Prof.  Dr.  A.  Mousson,  Polytechnikum,  Zurich. 
Prof.  Dr.  C.  Crambr,  „  „ 


OBia?TJJLiaTr. 


PROFESSOR    A.    VON    LASAULX    Ph.D. 

Wr  deeply  regret  to  have  received  tidings  of  the  death  of  this 
distinguished  German  Geologist  and  Mineralogist,  which  took  place 
at  Bonn,  on  the  25th  January  last,  after  a  short  illness.  Dr.  Yon 
Lasaulz  was  only  in  bis  47th  year  ;  yet  he  hod  been  the  author  of 
a  remarkably  large  number  of  Memoirs  on  petrological  subjects,  as 
well  as  of  more  solid  works,  of  which,  perhaps,  the  joint  work  on 
Etna  of  Sartorius  von  Waltershausen  and  himself  is  the  most 
splendid  example.  In  1876  Dr.  von  Lasaulx,  in  company  with  his 
friend  Dr.  Ferdinand  Roemer,  of  Breslau,  visited  the  British  Isles ; 
and  was  present  at  the  meeting  of  the  British  Association  in  Glasgow 
in  that  year.  On  his  return  to  Bonn,  he  published  an  account  of 
his  wanderings,  in  the  form  of  a  handsome  book,  ''Aus  Irland, 
Beiseskizzen  und  Studien,"  in  which  the  physical  features  and 
geological  structure  of  the  districts  visited  are  closely  noted  and 
graphically  described,  together  with  the  mineral  characters  and 
composition  of  many  of  the  rocks  as  determined  under  the  micro- 
scope ;  of  these,  the  most  important  was  the  discovery  of  tridymite 
in  the  trachytic  rocks  of  Antrim  (Petrographische  skizze  aus  Irland ; 
mineralogischen  und  petrograpbischen  Mittheilungen,  Wien,  1878, 
p.  410).  The  volcanic  rocks  of  Bonn  and  the  neighbourhood 
afforded  a  rich  field  for  the  petrological  investigations  of  this  lamented 
naturalist,  of  which  he  made  abundant  use.  E.  H. 


We  regret  to  record  the  death  (on  the  16th  February,  from  heart- 
disease)  of  Mr.  W.  W.  Leighton,  who,  since  the  year  1867,  has 
filled  the  office  of  Clerk  to  the  Greological  Society  of  Liondon,  and 
has  during  19  yeans  been  a  most  faithful  and  valued  servant  to  the 
Society. 
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I. — On  Some  Fossil  Ostbagoda  fbom  Colokado. 

By  Prof.  T.  Rupert  Jones,  F.R.S.,  etc. 

(PLATE  IV.)  1 

IN  December  last  Dr.  C.  A.  White,  PalaBontologist  to  the  U.S. 
Oeologioal  Survey,  sent  me  a  small  packet  of  siliceous  Ostracoda, 
obtained  by  dissolving  in  dilute  acid  some  pieces  of  au  impure  lime- 
stone from  the  Jurassic  ^'Atlantosaurus  Beds"  near  Canon  City, 
Colorado.  These  strata  are  of  freshwater  origin;  and,  besides  the 
wonderful  Dinosaurian  and  Mammalian  fauna,  which  Prof.  0.  C. 
Marsh  has  published,  they  contain,  Dr.  White  informs  me,  Unto, 
Limncea,  Planorbis,  and  Valvata,  all  of  modern  types.  In  the  impure 
limestone  with  Ostracods,  and  in  associated  layers,  these  Gasteropods 
are  found  also  in  a  silicified  state,  and  the  Dinosaurian  fossils  occur 
both  above  and  below  them. 

In  January  of  this  year  I  received  also  from  the  U.S.  Geological 
Survey,  through  Dr.  A.  C.  White's  kind  agency,  a  piece  of  the  hard 
limestone  itself,  for  the  examination  of  the  microzoa  not  treated  with 
acid.  Some  fragments,  carefully  crushed,  yielded  free  specimens, 
but  not  so  many  nor  so  perfect  as  those  obtained  by  acid-solution  of 
similar  pieces.  By  careful  manipulation  my  friend  Mr.  C.  D.  Sherbom 
succeeded  in  finding  some  that  showed  traces  of  ornament  by  the 
presence  of  the  whitish  matrix  (siliceous)  in  rows  of  little  pits  and 
in  slight  furrows  similar  to  those  on  the  Purbeck  Metacypris  Forhesti, 
Consequently  these  little  siliceous  organisms  are  not  all  internal  casts, 
but  some  are  perfect  'carapaces. 

On  the  examination  of  thin  sections  and  decalcified  slices,  many 
sections  of  Ostracodous  bivalved  carapaces  are  recognized,  also 
crushed  valves  and  numerous  fragments.  The  test  is  often  apparent, 
replaced  by  silica.  No  limbs  nor  internal  organs  are  visible  within 
the  whole  (bivalve)  tests ;  only  groups  of  brown  granules,  arranged 
somewhat  concentrically,  as  also  in  the  neighbouring  siliceous  in- 
fillings  of  Limnaa,  and  other  Gasteropods,  and  in  the  chalcedonic 
(agate-like)  infillings  of  rifts  and  other  spaces  in  the  matrix.  In 
some  instances  the  carapace-valves  are  at^nt,  and  the  first  inside 
layer  of  chalcedony  imitates  the  shell.     On  being  decalcified,  a  slice 

^  This  Plate  was  drawn  with  aid  of  a  grant  from  the  Boyal  Society  for  the  illns- 
tration  of  fossil  Ostracoda. 
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loses  much  of  its  brownness ;  but  some  of  the  silica  still  retains  a 
brown  tint 

1.  Mbtaotpris  Fobbbsti,  Jones.     Plate  IV.  Figs,  la,  16,  \c, 
JT.  Forbesiif  Jones,  Quart.   Journ.  Geol.  Soc.,  vol.  xli.   1885,  p.  345,  pi.   8, 
figs.  11-16  (including  yar.  verrucoea) ;  M,  Forbitiij  Jones,  in  Bullet.  U.S.  Geol. 
Surv.  February  (?),  1886. 

Comparing  our  Figs,  la,  16,  Ic,  of  the  American  Metaeyprts  with 
figs.  13  and  15  of  plate  8  referred  to  above,  we  see  no  special 
difference  except  that  the  antero-dorsal  (nuchal)  constriction  is 
stronger  in  the  former  two  figures,  and  the  valves  are  rather  more 
swollen  in  their  posterior  moiety.^  The  siliceous  specimens  figured 
do  not  show  the  ornament  seen  in  their  English  representatives ;  but 
some  that  have  been  beaten  out  (not  separated  by  aoid)  show  the 
characteristic  ornament,  as  stated  above.     Not  rare. 

For  the  proportions  of  this  and  the  other  species,  see  the  Table  at 
the  end. 

2.  Mbtacypbis  Bbadyi,  sp.  nov.     PI.  IV.  Figs.  2a,  26,  2c. 
M,  Forbetii  [var.],  Jones,  in  Bullet.  U.S.  Geol.  Survey,  February  (P),  1886. 

*•  This  is  even  longer  in  proportion  than  our  most  oblong  form," 
such  as  ^g,  11,  pi.  8,  Q.J.G.S.  vol.  xli. ;  and  the  constriction  is  very 
strong,  being  deep,  curving  forward,  and  reaching  quite  across  the 
valve.*  The  posterior  moiety  of  each  valve  is  relatively  less  swollen 
than  in  M.  Forbesii;  but  the  convexity  of  the  anterior  portion  is 
more  pronounced,  and  more  markedly  defined  by  the  transverse 
sulcus ;  and,  owing  to  the  curve  of  the  furrow,  the  hinder  portion 
has  an  almost  round  convexity.  A  pimple  on  the  centre  of  this 
part,  and  some  few  elsewhere,  show  an  analogy  to  the  warty  con- 
dition of  M,  Forbesit,  var.  verrucoaa,  op.  ciL  pi.  8,  figs.  12  and  15. 
Not  rare. 

I  propose  to  name  this,  as  a  distinct  species,  after  my  friend  Dr. 
G.  S.  Brady,  F.R.S.,  who  first  recognized  the  genus  Metacypris  {op, 
ctt.  p.  344). 

3.  Mbtacypbis  Whitei,  sp.  nov.     PI.  IV.  Figs.  3a,  36,  3c. 
MetaeyprtMy  sp.  Jones,  in  Bullet.  U.S.  Geol.  Surrey,  February  (?),  1886. 

"  This  form  is  narrow  [relatively],  oblong,  and  compressed  ;  and 
bears  a  distant  resemblance  to  '  Oypris  (?)  conctdcata,*  Jones,  Quart 
Journ.  Geol.  Soc.,  vol.  xvi.  1860,  p.  266,  pi.  16,  figs.  Sa  and  36" 
(3c,  young?).  Valves  oblong,  nearly  straight  above  and  below, 
almost  equally  rounded  at  the  ends;  compressed  in  front,  thicker 
behind.  Impressed  at  the  anterior  third  with  a  shallow  sulcus,  and 
with  a  faint  hollow  near  the  anterior  hinge.  Edge-view  narrow- 
ovate,  sharp  in  front,  obtuse  behind,  and  somewhat  undulate  at  the 
sides  by  reason  of  the  slight  depressions.     Not  rare. 

^  Some  of  the  English  specimens  are  more  constricted  than  shown  in  the  figures 
and  descriptions,  op,  eit.  p.  34d. 

'  The  transverse  sulcus  impressed  on  or  near  the  mid-dorsal  region  of  each  yalTe 
is  characteristic  also  of  Limnicythere  and  occurs  in  some  other  recent  Ostracods  of 
estuarine  and  freshwater  habitats,  namely,  Cyprideit  {Cythctidea)^  and  one  CyprU 
(C  gibbaj  Ramdohr). 
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Tliis  species  is  named  after  Dr.  A.  0.  White,  Palsdontologist  of 
the  U.S.  G^logioal  Survey,  Washington,  who  kindly  submitted 
these  interesting  Colorado  specimens  for  my  examination. 

Another  fossil  Metacypria  was  described  and  figured  some  years 
ap^o  as  GyprtB  strangtdata,  Jones  (Quart  Joum.  Geol.  Soc.  vol.  xvi. 
1860,  p.  187,  pL  10,  figs.  73a,  6,  c,  d,  comprising  probably  two 
species),  from  the  Tertiary  beds  of  Central  India,  at  Pahadsingha 
and  Butara,  both  in  the  Province  of  Nagpur  (op,  eit  pp.  165,  166). 

4.  Dabwinula  LsouininBLLA  (E.  Forbes).    PI.  IV.  Figs.  4a,  46, 4c. 

D,  Ugumimlla  (E.  Forbes),  Jones,  Q.  J.  G.  S.  yol.  xli.  1885,  p.  846,  pi.  8, 
figs.  30  and  31 ;  and  in  Ballet.  IT.  S.  GeoL  Snrr.  February  (?),  1886. 

It  is  evident  that,  judging  from  the  shape  and  size  of  the  carapace, 
we  most  refer  these  American  specimens,  which  are  not  rare,  to  the 
same  genus  and  species  as  determined  for  the  similar  little  Purbeck- 
Wealden  Ostraoods  of  England  and  Hanover. 

Darwintda  Stevensoni,  Brady  and  Eobertson,  lives  at  present  in  the 
brackish  water  of  tidal  rivers,  and  has  been  found  fossil  in  late 
Tertiary  deposits  belonging  to  the  Forest-bed  series  of  Suffolk. 
D.  Bemidana,  Jones  (Proceed.  Berwicksh.  Nat.  Club,  1884,  vol.  x. 
p.  825),  is  a  Lower-Carboniferous  form  in  Northumberland,  and 
D.?  puagens,  J.  and  K.,  occurs  in  the  Coal-measures  of  Scotland. 
Another  probable  Darwinula  is  the  Cypria  (?)  Allporiiana,  Jones,  from 
the  Neooomian  ^  freshwater  beds  near  Bahia,  in  Brazil ;  see  Q.  J.  G.  S. 
1860,  vol.  xvL  p.  267,  pL  16,  fig.  16. 

6.  Ctpbis  Pubbbokknsis,  E.  Forbes.     PI.  IV.  Figs.  5aj  66,  5c. 

CypriB  Purbeck$n9U,  £.  Forbes.  Jones,  Q.  J.  O.  S.  1885,  vol.  xli.  p.  347,  pi.  9, 
figs.  1-6. 

The  figured  carapace.  Fig.  5a,  corresponds  with  fig.  5,  in  pi.  9, 
Q.  J.  G.  S. ;  and  Fig.  66  nearly  with  fig.  4  of  that  plate,  in  which 
various  forms  of  this  species  are  given.  It  is  common  in  the  English 
Purbeck  beds,  but  rare  and  smaller  in  the  sample  from  Colorado. 

6.  Cythbbideis  Mabshii,  sp.  nov.     PL  IV.  Fig.  6a,  66,  6c. 

This  carapace,  apparently  perfect  (showing  the  translucent  edges 
of  the  closed  valves),  approaches  very  near  to  Cytherideis  trigonalts, 
Jones,  Monogr.  Tertiary  Entom.,  Pal.  Soc.  1856,  p.  47,  pi.  2,  figs. 
2a-2^ ;  but  the  curve  and  slope  of  the  front  margin  differ,  this  end 
being  slightly  blunter  in  the  American  form.  The  greatest  con- 
vexity, also,  is  rather  ventral  than  along  the  middle.     Bare. 

This  species  is  named  after  the  eminent  palaeontologist  who  has 
worked  so  enthusiastically  and  successfully  in  these  highly  interesting 
fossiliferous  deposits  of  Uie  Far  West. 

7.  Ctthebidba?  atlantosaubioa,  sp.  nov.     PI.  IV.  Figs.  7a,  76,  7c. 

An  oblong,  convex  carapace,  round-ended,  with  the  anterior  rather 

higher  (broader)  than  the  other  end,  and  slightly  oblique.     Valves 

somewhat  undulate,  being  faintly  impressed  in  the  postero-dorsal 

*  Keferred  to  the  Neocomian  by  Dr.  A.  C.  White  in  a  work  prepared  by  him  for 
publication  by  the  Brazilian  Go?emment 
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region.  The  convexity  is  greatest  along  the  ventral  region,  causing 
this  part  to  swell  out  a  little  beyond  the  ventral  margin.  Edge  view 
oval  with  sharp  ends;  end  view  short-ovate,  acute  above,  broad 
below.     Rare. 

This  distantly  resembles  the  smooth  variety  of  Oytheridea  torosa 
(Jones),  Monogr.  Tert.  Entora.  1856,  p.  21,  pi.  2,  fig.  le ;  var.  teres, 
Brady  (Trans.  Linn.  Soc.  1868,  vol.  xxvi.  p.  426,  pi.  28,  figs.  7-12; 
Ann.  Mag.  Nat.  Hist  1870,  ser.  4,  vol.  vi.  pp.  21,  22,  note;  Monogr. 
Post-Tert.  Entom.,  Pal.  Soc.  1874,  p.  178,  pi.  7,  figs.  1  &  2).  The 
anterior  hinge,  however,  is  more  definite,  though  not  prominent,  the 
shape  is  rather  more  truly  oblong,  and  the  sub-medial  impression  is 
not  so  strong.  As  I  have  not  seen  an  interior  of  a  valve,  I  cannot 
say  if  this  American  species  belongs  to  Oytheridea  or  to  Cytherideis, 

Table  of  Peoportions. 

Length.       Height.     Thickness. 

Mttaeypria  Forheaii^  Yv^,  \  16                   9  11 

M.Bradyi.Yv^.  2 18  10  10 

JT.  ^TAi^Fig.  3 18  9  8 

Darwinula  Uguminella^  Fig.  4 14  6  6 

Cypris  PurbeekenaiSf  Fig.  6  13                   6  5 

OytherideiB  Marshii,  Fig.  6  13                   7  5 

Cythsridea  ^  atlantoeaurieat  Fig.  7  12                  6  6 

If  these  proportional  numbers  be  divided  by  15,  the  result  will 
be  linear  dimensions  in  a  millimetre  and  parts  of  a  millimetre ;  the 
figures  being  magnified  15  diameters. 

As  the  anterior  extremity  is  placed  upwards  in  the  figures,  the 
height  of  the  valves  appears  as  width  on  the  plate. 

The  species  Figs.  1,  2,  3,  4  are  abundant ;  those  shown  by  Figs.  5, 
6,  and  7  are  rare. 

EXPLANATION  OF  PLATE  IV. 
(The  figures  are  magnified  1*5  diam.) 

Throughout  a  is  the  side  view ;  b,  edge  view ;  e,  end  Wew  of  the  biralyed  carapace. 

Fio.  1.  Metaeyprit  Forbeiii,  Jones;  a,  right  Talve  outwards. 

„  2,  M.  Bradyii  Jones;  «,  right  valve  outwards. 

,,  3.  Jf.  Whiteiy  Jones;  a,  left  valve,  outwards. 

,,  4.  Darwinula  leguminella  (E.  Forbes)  ;  a,  right  valve  outwards. 

„  6.  Cypria  Furbeckensis,  E.  Forbes  ;  a,  left  valve  outwards. 

„  6.  Cytherideia  Marahii^  Jones ;  a,  left  valve  outwards. 

,,  7.  Cytheridea  P  atUmtosauriea,  Jones ;  a,  left  valve  outwards. 

XL — Notes  on  a  Collection  op  Fossil  Fish-Remains   prom   the 

Mountain  Limestone  op  Derbyshire. 

By  Jambs  W.  Davis,  F.G.S. 

I  AM  indebted  to  Thos.  Parker,  Esq.,  of  Oldham,  for  the  oppor- 
tunity he  has  afforded  me  of  examining  his  large  collection  of 
fish-remains  from  the  Carboniferous  Limestone  of  Derbyshire.  The 
specimens  have  been  obtained  from  quarries  near  Chapel-en-le-Frith, 
in  the  N.W.  of  the  county.  They  are  for  the  most  part  in  a  beautiful 
state  of  preservation,  though  some  of  the  more  fragile  specimens  are 
only  obtained  with  the  most  careful  manipulation  on  account  of  their 
liability  to  fracture.  The  fossils  are  creamy- white  in  a  light-coloured 
crystalline  limestone  matrix. 
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The  faana  of  this  district  affords  some  features  of  peculiar  interest 
There  is  an  entire  absence  of  fin-rays,  and  of  the  sharply-pointed 
conical  teeth  like  Cladodus,  a  negative  evidence  of  their  intimate 
relationship  where  present.  There  are  two  genera  of  Petalodontidse, 
three  of  the  Copodontidse,  five  of  the  CochliodontidaB,  one  of  Pleu- 
rodus  and  one  of  Fsammodus.  Of  all  these  only  one  species,  Psephodus 
magnus,  Agass.,  has  been  previously  recorded  from  Derbyshire. 
Besides  P.  magnust  the  following  fish-remains  have  been  chronicled 
either  in  M'Goy*s  British  Palsdozoic  Fossils,  or  in  the  Fossil  Fishes 
of  the  Carboniferous  Limestone  series  of  Great  Britain,  in  the  Trans- 
actions of  the  Royal  Dublin  Society,  by  the  present  writer : — 

Aeondylaeanthua  (LeptaeanthuSf  M'Coy)  J)eltodu$  aliformiSf  Agass. 

JunceuSf  M*Coy.  Deltoptyehius  aetUuSy  Agass. 

Cladodus  mirabilit,  Agass.  Fatilodtu  foveolatut^  M'Coy. 

Cladodm  atriaiutf  Agass.  Fetaiodus  (Muminatuif  Agass. 

FrUtieUdodtu  dmtatm^  M'Coy.  Cheirodua  pea-rana,  M^Goy. 
Fetrodua  patelliformia,  M*Coy, 

To  this  list  is  now  added  twelve  species,  five  of  which  have  not 
previously  been  described ;  they  are  comprised  in  the  following 
descriptions,  to  which  are  added  such  observations  as  appear  necessary 
to  indicate  peculiarities  of  form  or  structure. 

Family  Pbtalodomtida,  Newberry  and  Worthen. 
Genus  Petalodus,  Owen. 

Owen,  Odontonnpby,  p.  61  (1840). 

Daris,  Trans.  £oy.  Dublin  Soc.,  n.s.  toI.  L  p.  429  (1883). 

Petalodus  HiMstingsicB,  Owen. 
Odontography,  p.  61,  pi.  xxii.  figs.  3,  4,  5. 
Dayis,  l.e.  p.  493,  pi.  lix.  figs.  16-21. 

A  considerable  number  of  the  teeth  of  this  species  have  been  found 
varying  in  size  as  well  as  in  form.  An  average  tooth  apparently  of 
full  size  is  0*35  inch  across  the  crown  ;  the  height  of  the  latter  being 
0*16  inch.  The  base  is  nearly  double  the  height  of  the  crown. 
Whilst  agreeing  generally  in  form  with  the  species  from  the  Mountain 
Limestone  of  Armagh,  it  differs  in  the  greater  area  occupied  by  the 
imbricating  ridges  at  the  base  of  the  crown;  whilst  the  former 
possess  five  or  six  folds  or  ridges,  the  specimens  from  Derbyshire 
have  nine.  Some  of  the  examples  are  broader  across  the  crown, 
than  the  average  tooth  already  named,  and  the  height  of  the  crown 
is  less,  very  thin,  and  almost  straight  This  may  be  due  to  greater 
wear,  the  coronal  surface  being  reduced  from  the  normal  convexity 
to  a  more  or  less  straight  edge ;  or,  it  may  indicate  a  different  species. 
The  broad  form  closely  resembles  in  some  particulars  the  specimens 
of  Peiahdus  inequilateralis  from  the  Limestone  of  Wensleydale. 

G^nus  Petalorhynchus,  Agass.  MS. 
Daris,  Trans.  Roy.  Dublin  Soc.  n.B.  toI.  i.  p.  616  (1883). 
Petalorhynchus  psittaeinus,  Agass.  MS. 
Davis,  l.e,  p.  616,  pL  Ixi  figs.  12-16. 
Hitherto  the  teeth  of  this  species  have  been  found  only  in  the 
Mountain  Limestone  at  Armagh  and  the  Carboniferous  Series  near 
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Glasgow.  The  specimens  from  Derbyshire  present  as  great  a  variety 
in  form  as  those  from  Armagh  so  far  as  the  series  extend,  and  there 
can  be  little  doubt  that  the  species  is  the  same.  In  one  or  two  of 
the  best-preserved  examples,  the  depth  of  the  tooth  only  exceeds  the 
breadth  by  one-fifth,  and  consequently  is  probably  from  the  posterior 
part  of  the  mouth ;  the  sigmoidally  curved  folds  of  the  ganoine, 
extending  across  the  external  surface  at  the  base  of  the  crown,  are 
only  three  in  number.  In  the  species  found  at  Armagh  there  are 
four  or  five  imbricating  folds.  The  beak-like  cutting-edge  of  the 
crown  is  somewhat  deeply  and  broadly  serrated  along  each  lateral 
margin  in  some  of  the  specimens ;  in  this  it  also  diverges  from  the 
types  and  offers  a  superficial  resemblance  to  the  teeth  of  the  genus 
Ctenopetalus.  Minute  vertical  furrows  extend  from  the  cutting 
margin  downwards  over  the  anterior  BurfiGU)e  of  the  crown. 


Palatal  Teeth  of  Fishes  from  the  Carboniferous  Limestone,  Chapel-en-le- Frith, 
Derbyshire.     Coll.  Thos.  Paricer,  Esq. 

Family  Cochuodontid^,  R.  Owen. 

Strehlodus  oblongua,  Agass.  MS. 

Dayis,  Trans.  Boy.  Dublin  Soc.  n.s.  toL  L  p.  424,  pL  liil  figs.  1-4  (1883). 

Hemains  of  the  teeth  of  this  species  are  not  uncommon.     They 
are  usually  detached,  and  owing  to  their  extreme  brittleness,  and  the 
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difficulty  with  which  they  are  developed  from  the  matrix,  they  are 
often  fragmentary.  An  example  exhibiting  the  series  of  three  teeth 
covering  a  ramns  of  the  jaw  has  not  yet  been  discovered.  The  large 
posterior  teeth  are  most  commonly  met  with.  They  are  much  smaller 
in  size  than  those  of  the  same  species  from  the  Mountain  Limestone 
of  Armagh,  generally  about  0*6  inch  in  length  and  0*3  in  breadth. 
They  possess  the  diaraoteristio  convolution  of  the  genus.  The 
enamelled  surface  of  the  crown  is  exquisitely  and  perfectly  pre- 
served, and  in  most  instances  does  not  exhibit  much  trace  of  being 
worn  by  attrition,  from  which  it  may  perhaps  be  reasonably  inferred 
that  they  are  the  teeth  of  a  young  individual 

Genus  Paephodus,  Agass,  MS. 
Da?i8,  Trans.  Boy.  Bub.  Soc.  ii.8.  toI.  i.  p.  438  (1883). 

PsephoduB  magnuB,  Ag. 
Trans,  of  the  Royal  Dublin  Society,  ser.  ii  vol  i  p.  439,  pi.  It.  fig.  1-14. 

Several  examples  of  this  species  have  been  found.  They  do  not 
materially  differ  from  the  specimens  described  from  the  Oarboniferous 
Limestone  of  Armagh.  The  largest  tooth,  probably  occupying  a 
median  position  on  the  jaw,  is  0*85  inch  in  greatest  diameter,  more 
or  less  pentagonal  in  outline,  the  upper  surface  highly  convex,  and 
the  under  one  correspondingly  concave. 

A  second  specimen  consists  of  two  teeth  joined  together  similarly 
to  those  represented  in  the  memoir  named  above,  pi.  Iv.  fig.  4,  the 
two  upper  and  larger  teeth ;  the  Derbyshire  ones  are  about  two- 
thirds  the  size  of  those  from  Armagh. 

Teeth  occur  which  differ  from  the  types  in  some  particulars.  They 
are  almost  circular  in  form,  and  equally  convex  from  all  sides;  their 
diameter  across  the  crown  is  slightly  less  than  half  an  inch.  They 
may  represent  a  different  species  of  this  genus  of  fossil  fishes,  but 
until  a  larger  number  of  specimens  have  been  found  affording  more 
complete  evidence  of  its  peculiar  characters,  it  appears  advisable  to 
retain  them  under  the  above  title  as  a  variety  of  the  old  type. 

A  number  of  small  helodont  teeth  are  scattered  over  some  of  the 
pieces  of  limestone.  They  are  small  and  elongated,  smooth  and  even 
on  the  -  surface  of  the  crown,  without  median  or  other  prominence. 
They  were  probably  connected  with  this  or  the  following  species  of 
Psephodus. 

Psephodus  timplex,  Davis,  sp.  nov.  (Figs.  1,  2,  p.  150). 

Teeth  trapezoidal  in  outline,  longest  diameter  0*8  inch.  Two 
longest  sides  forming  an  acute  angle  at  the  apex.  The  two  shorter 
ones,  half  the  length  of  the  longer,  inclosing  an  obtuse  angle.  The 
surface  of  the  crown  is  convex  (Fig.  1),  its  enamelled  surface  covered 
with  small  punctures.  The  margins  of  the  tooth  are  thick.  The 
under  surface  (Fig.  2)  forms  a  channel  extending  parallel  with  the 
long  axis  of  the  tooth,  which  like  the  under  side  of  PBephodm  magnuSf 
Ag.,  was  attached  to  one  of  the  cartilaginous  jaws  of  the  fish. 

The  teeth  comprised  in  this  species,  of  which  several  specimens  have 
been  founds  are  almost  identical  in  shape.    They  differ  from  those 
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of  P.  magnus  in  form ;  the  latter  are  more  or  less  pentagonal  or 
rounded,  whilst  this  species  is  four-sided,  two  being  so  much  longer 
than  the  others  as  to  assume  almost  a  triangular  appearance.  I  have 
ventured  to  distinguish  the  species  by  giving  it  the  name  Psephodus 
simplex. 

Qenus  Deltoptychius,  Agass.  MS. 

Davis,  Trans.  Roy.  Dublin  Soc.  n.8.  vol.  i.  p.  432  (1883). 

Deltoptychius  plicatuSy  Davis. 

Quart.  Joum.  Geol.  Soc.  vol.  xl.  p.  628,  pi.  xxvi.  figs.  13,  14  (1884). 

Several  teeth  of  this  species  have  been  obtained.     They  do  not 

materially  differ  from  those  described  in  the  paper  referred  to  above, 

from  the  Yoredale  Series  of  Wensleydale,  in  the  possession  of  Mr. 

Home;   like  them,  they  are  readily  distinguished  from  the  type 

species  of  Agassiz,  D.  acutus,  by  the  greater  prominence  of  the  ridges 

occupying  the  surface  of  the  crown ;  the  more  regular  and  broader 

form ;  and  more  widely  expanded  outer  margin.     The  Derbyshire 

specimens  are  slightly  larger  than  those  found  at  Wensleydale.  They 

are  delicately  and  beautifully  punctate  on  the  surface. 

Genus  Poecilodus,  Agass.  MS. 

Davis,  Trans.  Roy.  Dublin  Soc.  n.s.  vol.  i.  p.  441  (1883). 

PcBcilodus  Jonesii,  Agass.  MS. 

Davis,  Trans.  Roy.  Dublin  Soc.  n.s.  vol  i.  p.  442,  pL  liii.  fig.  20-23. 

Teeth  of  this  genus  have  been  found.  They  correspond  with 
those  of  the  same  species  found  at  Armagh  in  essential  characters. 
They  are  of  two  forms,  the  larger  posterior  tooth  is  about  0*6  inch  in 
breadth,  the  length  equalling  half  the  breadth.  The  posterior  por- 
tion of  the  tooth  is  broadest  and  is  free  from  ridges.  Its  surface  is 
considerably  worn  and  forms  a  concave  depression.  The  remainder 
of  the  crown  is  traversed  by  7  or  8  parallel  ridges.  The  whole  is 
enamelled  and  punctate.  The  second  tooth  is  smaller,  sub-triangular 
in  outline ;  its  length  is  the  same  as  that  of  the  larger  tooth,  0*25 
inch ;  the  greatest  breadth  is  0*1  in.,  diminishing  towards  the  opposite 
extremity.  Five  ridges  are  exposed,  extending  transversely  across 
the  surface,  separated  by  somewhat  deep  grooves.  It  is  similarly 
enamelled  and  punctate  to  the  posterior  tooth. 

The  only  species  of  the  genus  Poecilodus  hitherto  recorded  from 
the  Mountain  Limestone  of  Derbyshire  is  P.  foveolatus,  M'Coy 
(British  PalsBOzoic  Fossils,  p.  639,  pi.  3g).  The  type  is  in  the 
Woodwardian  Museum,  Cambridge,  and  is  unique.  It  is  readily 
distinguished  from  the  specimens  in  Mr.  Parker's  collection  by  its 
large  size,  narrow,  elongate  form,  more  numerous  and  diagonally 
disposed  ridges,  and  the  regular  rows  of  puncta  which  run  parallel 
with  the  ridges.  The  species,  Pcecilodus  Jonesii,  named  by  the  late 
Prof.  Agassiz,  and  described  in  the  memoir  cited  above,  has  hitherto 
been  found  only  in  the  Limestone  of  Ireland.  It  comprises  teeth  of 
two  forms  originally  considered  by  Agassiz  to  represent  two  species, 
but  proved  by  specimens  in  the  collection  of  the  Earl  of  Enniskillen, 
now  transferred  to  the  Natural  History  Museum,  Cromwell  Hoad,  to 
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belong  to  the  same  speoies,  and  to  be  the  anterior  tooth  of  P.  JonesiL 
In  this,  as  in  others  of  its  principal  features,  the  species  from  Derby- 
shire agrees ;  and  whilst  in  one  or  two  minor  points  it  is  dissimilar-^ 
as,  for  instance,  in  the  greater  expansion  of  the  smooth  posterior  part 
of  the  larger  tooth,  and  the  fewer  number  of  the  ridges  on  the  small 
one — there  can  be  no  hesitation  in  considering  those  differences  as 
not  more  than  varietal,  and  including  it  in  the  same.speci6(i  ^ith  the 
examples  from  Armagh. 

Genus  Xysirodus,  Agass.  MS. 

Davis,  Trans.  Roy.  Dublin  Soc.  n.s.  toI.  i.  p.  447  (\883)» 

XystroduB  Parkeri,  Davis,  sp.  no  v.  (Figs.  3  and  4;%)^  liO). 

Several  exquisitely  beautiful  little  teeth  have  been  fouili^^^Qlon^-  , 
ing  to  this  genus.  They  are  0*3  to  0*4  inch  in  length,  and  0*15  to 
0*2  inch  in  width,  sub- triangular  in  outline,  rounded  anteriorly,  and 
expanding  towards  the  posterior  margin.  Surface  of  the  crown  con- 
cavo-convex, rising  on  one  side  in  the  form  of  a  ridge,  depressed 
along  the  opposite  one,  forming  a  broad  concave  channel  extending 
the  whole  of  the  length  of  the  tooth,  and  expanding  into  a  somewhat 
aliform  margin,  more  or  less  sinuous  in  outline.  The  surface  is 
enamelled,  and  a  number  of  minute  punctures,  arranged  so  as  to 
form  a  series  of  sinuously  parallel  ridges,  extend  across  the  tooth. 

This  species  resembles  most  nearly  that  of  Xysirodus  pulcheUus, 
Davis  (IVans.  R.  Dublin  Soc.  n.s.  voL  i.  p.  450,  pi.  Iv.  fig.  24),  from 
the  Toredale  Series  of  Wensleydale,  but  may  be  readily  distinguished 
by  its  rounded  anterior  extremity,  less  acutely  triangular  form,  and 
the  aliform  character  of  the  concave  margin.  The  convex  margin  is 
rounded  in  this  species,  in  X  pulchellus  it  is  straight 

Xysirodus  simplex^  St.  J.  and  W.  (Qeol.  Survey  of  Illinois,  vol.  vii. 
p.  178,  pi.  viii.  figs.  4,  5,  1883),  is  a  larger  tooth  than  the  one  now 
described,  but  is  similar  in  form.  It  may  be  distinguished  by  the 
more  acute  angle  formed  by  the  lateral  margins  and  its  point  of 
inrolment  being  more  distinctly  developed.  The  punctsa  on  the 
surface  are  without  arrangement  into  ridges.  Messrs.  St  John  and 
Worthen  consider  that  the  genus  Xysirodus  is  closely  allied  if  not 
identical  with  that  of  Tomodus,  Agass.  They  remark,  "  While  we 
have  not  the  data  necessary  for  carrying  the  comparisons  to  a  final 
conclusion,  we  are  much  impressed  by  the  intimate  resemblances 
which  subsist  between  the  present  genus  and  Tomodus^  Agass.  A 
series  of  careful  sketches  of  authentic  examples  of  Tomodus  eonvexus, 
Agass.,  from  the  Mountain  Limestone  of  Bristol,  England,  and  which 
were  kindly  submitted  to  us  by  Lord  Enniskillen,  show  this  rela- 
tionship in  a  striking  manner.  The  genus  Tomodus,  indeed,  appears 
to  be  a  Xysirodus  in  all  save  the  arrangement  of  the  punctee  in 
parallel  transverse  lines ;  and  in  the  latter  respect  we  find  a  close, 
though  not  absolute  agreement,  in  the  initial  species  occurring  in  the 
American  Carboniferous  species  X  simplex  "  (op.  cii,  p.  177).  It  was 
in  1859  that  the  late  Professor  Agassiz,  whilst  visiting  the  Earl  of 
Enniskillen,  took  the  opportunity  to  examine  and  arrange  the  mag- 
nificent collection  of  Carboniferous  Limestone  fish-remains  which 


Digitized  byVjOOQlC 


154  J,  W,  Datis — Carboniferous  Fish-remains. 

were  then  located  in  the  Florence  Court  Musenm.  Amongst  others, 
the  large,  thick,  massive,  triangular  and  convolute  teeth  from  Bristol. 
Tbey  are  one  and  a  quarter  inch  in  length  and  nearly  half  an  inch 
in  thickness ;  the  surface,  convex  from  back  to  front,  as  well  from 
side  to  side,  almost  globose.  These  were  named  Tomodus  convexus. 
The  type  specimens  are  figured  in  the  Trans.  Roy.  Dublin  Society 
(n.s.  vol.  i.  pi.  Iv.  figs.  15-18).  The  teeth  assigned  to  the  genus 
Xystrodus  are  medium  or  small  in  size,  of  a  triangular  form,  much 
elongated,  slightly  convoluted,  and  more  or  less  acutely  pointed 
anteriorly.  The  crown  does  not  present  the  bold  convexity  charac- 
teristic of  Tomodus,  but  is  comparatively  flat,  one  side  of  the  crown 
being  raised,  the  other  depressed.  Xystrodus  siriatus  and  X  angustus, 
the  Agassizian  types,  are  also  figured  in  the  memoir  cited  above 
(pis.  Iv.  figs.  7-10  and  pi.  Iv.  figs.  19-21).  The  former  was  de- 
scribed by  Prof.  M*Coy  under  the  name  CocUiodus  siriatus  (Brit 
PalsBOzoic  Fossils,  p.  624,  pi.  81,  fig.  27).  The  group  described  by 
Messrs.  St.  John  and  Worthen,  of  which  Xystrodus  simpleXf  already 
mentioned,  may  be  taken  as  the  type,  have  all  the  characters  of  that 
genus,  and  appear  to  be  closely  related  to  the  British  species ;  but 
there  is  no  evidence  witli  which  the  writer  is  acquainted  which 
demonstrates  that  either  the  British  or  American  representatives  of 
the  genus  are  generically  related  to  Tomodus, 

In  recognition  of  the  services  rendered  to  palsBontological  science 
by  Mr.  Parker,  1  have  ventured  to  distinguish  this  species  by 
appending  to  it  his  name. 

Family  Copodontidji,  Davis. 

Genus  Mylacodus,  Agass. 

DaTis,  Trans.  Roy.  Dublin  Soc.  n.8.  toI.  L  p.  480  (1883% 

Mylacodus  variabilis,  Davis,  sp.  nov.  (Figs.  5,  6,  p.  150). 

Teeth  trapeziform,  length  0*7  inch,  breadth  0-9  inch.  Crown  of 
at  least  two  different  forms,  in  each  the  surface  is  more  or  less  level, 
slightly  convex  in  central  part  between  the  sides,  with  a  sigmoidal 
curvature  in  the  opposite  direction,  the  posterior  and  lateral  margins 
are  a  little  raised,  inclosing  a  shallow  depression,  enamelled,  and 
covered  with  minute,  and  in  some  cases  scarcely  distinguishable,  pustu- 
lations.  Anterior  margin  of  first  tooth  straight,  laterally  more  or  less 
straight,  slightly  diverging  to  the  rounded  posterior  margin.  Angles 
rounded.  Second  tooth,  anterior  margin  concave;  may  have  been 
attached  to  the  posterior  margin  of  the  first ;  antero-lateral  angles 
acute,  not  rounded;  lateral  margins  straight  or  slightly  concave, 
posterior  margin  slightly  convex,  postero-lateral  angles  slightly 
rounded.  Base  not  well  exposed,  mostly  hidden  in  the  matrix. 
Part  exposed  0*15  inch  in  thickness,  porous,  thinning  out  towards  the 
margin  of  the  crown,  with  the  upper  surface  of  which  it  forms  an 
acute  angle. 

Two  species  of  Mylacodus  have  been  described  in  the  Trans,  of  the 
Eoyal  Dublin  Society,  both  from  the  Carboniferous  Limestone  of 
Ajmiaghy  in  Ireland ;  the  types  are  in  the  Enniskillen  Collection  at 
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the  new  Natural  History  Moaeum.  From  M.  quadratua,  Agass.,  this 
species  may  be  distinguished  by  its  greater  breadth,  straight  anterior, 
and  rounded  posterior  margins.  The  second  tooth  is  readily  distin- 
guished by  its  form ;  and  both  are  less  distinctly  punctate  than  in 
3f.  quckdratuB,  The  coronal  surface  of  Mylacodus  iesamini,  Agass., 
is  uniformly  rugose,  and  the  lateral  depressions  near  the  margin  are 
deeper  and  more  extensive.  The  form  of  the  crown  is  that  of  a 
truncated  cone  as  compared  with  the  broad  expansion  of  the  species 
now  described,  which  it  is  proposed  to  distinguish  as  Mylacodus 
variabilis. 

Genus  Rhtmodus,  Agass.  MS. 

DetIs,  TraiLB.  Roy.  Dublin  Society,  n.8.  vol.  i.  p.  473. 

Bhymodus  convexus,  Davis,  sp.  nov.  (Fig.  7,  p.  150). 

Teeth :  length  0-25  inch,  breadth  0*45  inch.  Crown,  median  portion 
uniformly  convex,  with  depression  on  each  side,  lateral  extremities 
raised  into  prominent  ridges ;  surface  enamelled ;  central  part  con- 
siderably worn  by  attrition,  beautifully  punctate,  without  definite 
arrangement.  Anterior  and  posterior  margins  similar ;  central  part 
rounded,  with  a  depression,  corresponding  to  the  one  across  the 
surface,  on  each  side.  Antero-lateral  angles  produced,  slightly 
rounded ;  opposite  ones  similar.     Base  not  exposed. 

This  species  differs  from  Bhymodus  iransversus,  Agass.,  and  Bhy- 
modus oblongus,  Davis,  in  the  form  of  the  coronal  surface.  In  each 
of  the  species  named  there  is  a  decided  concavity  in  the  median  part 
of  the  anterior  margin.  In  this  species  the  anterior  margin  is  convex. 
The  aliform  processes  of  the  crown  as  well  as  the  root,  which  are 
prominent  in  the  two  forms  previously  described,  are  not  largely 
developed  in  this  species.  Whilst  differing  in  specific  details  from 
the  forms  of  Bhymodus^  the  transversely  oblong  form,  prominent 
convex  crown  with  lateral  depressions  and  raised  margins,  are  generic 
characters  sufficiently  distinct  to  leave  no  doubt  as  to  its  relation- 
ship with  that  genus.  Having  reference  to  its  especially  rotund 
coronal  surface,  the  name  Bhymodus  convexus  is  suggested  to  dis- 
tinguish the  species. 

G^nus  Characodus,  Agass.  MS. 
Dayis,  Trans.  Roy.  Dublin  Soc.  n.8.  toI.  i.  p.  474. 
Characodus  minimus,  Davis,  sp.  nov.  (Fig.  8,  p.  150). 

Teeth  trapezoidal  in  outline,  small  size ;  anterior  margin  0*2  inch 
in  length,  posterior  one  0*25  inch  ;  length  0*12  inch.  Crown  from 
front  to  back  convex  ;  laterally,  slightly  convex,  the  middle  portion 
worn  by  attrition  and  somewhat  depressed.  The  surface  is  covered 
with  enamel,  and  minutely  punctate  where  unworn.  All  the  margins 
are  straight  The  base  is  hidden  by  the  matrix^  but  appears  to  be  the 
same  size  as  the  crown. 

This  tooth  approaches  most  nearly  to  the  generic  characters 
possessed  by  the  genus  Characodus ;  it  differs  from  the  species 
hitherto  described  as  0.  angulatus,  Ag.,  and  C.  cuneatus,  Ag.  (Fossil 
Fishes  of  the  Carb.  Limestone  Series  of  Qreat  Britain,  Trans.  Koyal 
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Dablin  Society,  ser.  ii.  voL  L  p.  476,  pi.  Iviii.  figs.  19,  20,  and  21), 
in  the  absence  of  a  prominent  lateral  border  on  each  side  of  the 
coronal  surface.  In  the  place  of  this  the  borders  are  more  or  less 
depressed,  except  midway  between  the  anterior  and  posterior  angles, 
where  a  minute  projection  forms  an  angular  prominence.  This 
species  in  its  form  appears  to  hold  an  intermediate  position  between 
the  two  named  above;  whilst  its  margin  and  angles  are  equally 
regular  with  those  of  C.  cuneatus,  it  possesses  the  elongated  form 
of  C  angtdatus. 

Family  Psamhodontida,  L.  O.  do  Koninck. 

Grenus  FsammoduSf  Agass. 

Davis,  Trans.  Eoy.  Dublin  Soc.  n.s.  vol  i.  p.  469  (1883). 

Paammodus  rugosus,  Agass. 

Poissons  Fossiles,  toI.  ill  p.  Ill,  pi.  xii.  figs.  14-18;  pL  zix.  fig.  15  (1833). 

Several  teeth  of  this  species  have  been  found :  they  do  not  dififer 
from  those  of  other  localities,  examples  of  large  size  are  not  un- 
common. A  specimen,  of  which  only  a  portion  is  preserved,  is  1*1 
inch  in  breadth,  a  portion  of  the  length  only  remains.  It  differs 
from  the  ordinary  form  in  the  sigmoidal  curvature  of  the  surface  of 
the  crown  from  back  to  front,  one  portion  being  depressed  and  con- 
cave, whilst  the  other  is  broadly  convex,  the  latter  much  worn  by 
attrition.  The  margin  of  the  convex  side  forms  an  acute  angle  witli 
the  under  surface  of  the  base. 

Genus  Pleurodus,  Agass.  MS. 
Davis,  Trans.  Boy.  Dablin  Soc  n.8.  vol.  i.  p.  458  (1883). 

Pleurodus  Woodi,  Davis. 
Davis,  Le.  p.  458,  pi.  lix.  figs.  12-15. 

About  a  score  of  teeth  of  this  species  have  been  found.  They  are 
extremely  interesting  because  they  extend  the  vertical  distribution 
of  the  genus  downwards  from  the  Yoredale  beds  of  Wensleydale  to 
the  thick-bedded  Lower  Limestone  of  Derbyshire.  The  type-species, 
P.  affinis,  was  obtained  from  the  Coal-measures,  and  named,  but  not 
described,  by  M.  Louis  Agassiz.  The  same  author  also  named  a 
second  species,  P.  Banhinii,  from  the  Coal-shales  of  Northumberland. 
In  1870  a  specimen  was  discovered  at  Newsham,  near  Newoastle-on- 
Tyne,  which  was  described  by  Messrs.  Hancock  and  Atthey  in  the 
Trans,  of  Northumberland  and  Durham,  vol.  iv.  pt  ii.  p.  408,  pi.  xv. 
So  much  of  the  fish  was  preserved  that  its  form  could  be  identified. 
The  length  of  the  head  and  body  was  3  inches,  the  breadth  across 
the  thorax  2  inches.  The  body  was  covered  with  mosaic-like  tubercles, 
the  tail  was  not  preserved ; .  a  spine  was  inserted  immediately  behind 
the  thorax,  five-eighths  of  an  inch  in  length,  laterally  compressed, 
straight,  broad  at  the  base,  tapering  rapidly  to  a  point  The  mouth 
was  large,  and  there  were  apparently  three  or  four  teeth  on  each 
ramus  of  the  jaws.     The  bones  were  cartilaginous  throughout 

The  teeth  of  Pleurodus  Woodi  indicate  a  fish  about  double  the  size 
of  the  one  from  the  Newsham  Coal-shales;  and,  judging  from  a 
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oomparison  of  the  size  of  the  teeth,  about  half  the  size  of  the  Pleurodns 
offintB,  Aga68.,  also  from  the  Coal-measures.  The  teeth  may  be 
distinguished  by  the  deep  transverse  ridges  and  the  absence  of 
widely  expanded  lateral  margins,  as  well  as  their  elongate  form.  The 
specimens  described  in  the  Transactions  of  the  Royal  Dublin  Society 
from  the  collection  of  the  late  Mr.  Wood,  of  Bichmond,  were  tabulated 
as  having  been  found  in  the  Mountain  Limestone  of  Richmond,  in 
Yorkshire.  I  have  since  found  that  they  were  from  the  Upper  Yoredale 
beds  near  Leybum,  the  same  locality  from  whence  the  collection  of 
Mr.  Home  was  obtained ;  consequentiy  Mr.  Parker's  specimens  from 
Derbyshire  are  the  only  ones  which  have  been  found  in  the  Lower 
Limestone.  An  example  of  the  spine  of  the  fish  has  not  been  found ; 
the  teeth  do  not  differ  in  any  appreciable  degree  from  the  types,  and 
they  are  probably  the  same  species. 

Insebtji  skdis. 

A  large  number  of  small  palatal  teeth  have  been  found  associated 
with  those  already  described.  They  are  of  varied  forms,  usually 
more  or  less  elongated,  sometimes  of  uniform  width  and  even  and 
smooth  on  the  surface ;  in  others,  the  median  portion  is  raised  and 
gibbous,  the  lateral  extremities  depressed  and  attenuated  in  width. 
The  under-surfaoe  is  devoid  of  basal  or  root-like  extension,  and  is 
frequently  more  or  less  concave,  thus  conforming  to  the  convexity  of 
the  crown.  They  are  enamelled  and  covered  with  pustulations  or 
punctations  where  the  surface  has  been  worn. 

Many  of  these  small  t«eth  are  probably  immature  examples  of 
species  already  described ;  others  may  have  been  associated  with 
them  in  different  portions  of  the  jaws,  whilst  it  is  possible  that  some 
may  be  distinct  and  independent  species.  It  is  considered  advisable 
for  the  present  to  await  the  advent  of  other  examples  which  shall 
render  the  determination  of  their  affinities  and  relationships  some- 
what less  problematical. 


m. — On  the  Oogubbenge  of  Undisturbed  Spots  in  Earthquake- 

SHAKEN  AkSAS.^ 

By  Charlbs  Davison,  M.A., 
Mathematical  Master  at  King  Edward's  High  School,  Birmingham. 

ONE  of  the  most  important  discoveries  in  Seismology  is  that 
which  proved  the  close  connexion  in  position  between  earth- 
quake-centres and  lines  of  fault,  leading  up  to  the  view  that  the 
earthquake  is  an  effect  and  not  a  cause  of  fault-formation.  It  may  be 
the  momentary  result  either  (1)  of  the  sudden  fracturing  of  the 
earth's  crust,  or  (2)  of  the  impulsive  friction  that  must  accompany 
the  relative  displacement  of  the  rock-masses  adjoining  the  fissure. 
Now,  earthquakes  are  frequent  at  places  where  faults  are  already 
advanced  in  the  process  of  formation.  They  also  recur  continually 
at  one  and  the  same  place  along  a  line  of  fault,  the  number  felt  in 
^  A  note  read  before  the  Birmingham  Philosophical  Society  on  March  11,  1886. 
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any  area  being  often  greatly  in  exoess  of  the  number  of  faults 
beneath  that  area.  Henoe,  it  follows  that  the  majority  of  non-volcanic 
earthquakes  must  b&  due  rather  to  the  individual  slips  which  are 
the  elements  of  a  great  displacement  than  to  the  repeated  fissuring 
of  the  earth's  crust  On  this  view,  then,  the  earthquake  is  but  an 
incident  in  terrestrial  evolution,  and  has  no  further  connexion  with 
the  formation  of  mountain-chains  and  continents  than  the  creaking 
of  an  unoiled  wheel  with  the  motion  of  a  railway  train. 

First,  let  us  take  the  case  of  an  earth-cnist  homogeneous  and  of 
equal  elasticity  in  all  directions.     Let  E  F  represent  a  section  of 
a  fault  or  fissure,  and  C  D  the  sur- 
face of  the  earth,  and  let  us  call  ^ 

the  rock-masses  on  either  side  the   C 

fissure  A  and  B.  Now  suppose 
B  to  be   slightly,  but   suddenly,  B 

lowered  relatively  to  A,  Then  the 
particles  of  A  at  the  surface  of 
the  fissure  will  by  impulsive  fric- 
tion be  drawn  sharply  downwards. 
Similarly,  those  of  B  at  the  surface 
of  the  fissure  will  be  drawn  up-  ^ 

wards.    Hence,  the  earth-waves  in 

the  two  rock-masses  will  start  in  opposite  phases  of  vibration.  At 
a  distance  from  the  fault  this  difference  will  not  much  affect  the 
character  of  the  earthquake-motion;  but  along  the  line  of  fault, 
every  particle,  being  urged  upwards  and  downwards  equally,  will 
remain  at  rest;  and  in  the  immediate  neighbourhood  of  the  line 
of  fault,  or  its  continuation,  the  disturbance  will  be  less  violent 
than  it  otherwise  would  be,  owing  to  partial  interference  by  the 
spreading  of  either  earth- wave  in  the  adjoining  rock-mass. 

Returning  to  the  case  of  the  earth-crust  as  it  actually  is,  hetero- 
geneous and  discontinuous  in  all  directions,  we  find  the  problem 
somewhat  less  simple.  We  have  here  to  guide  us  the  numerous 
observations  of  earthquakes  in  Japan  and  other  places,  and,  to  a 
certain  extent,  the  seismic  experiments  of  Profl  Milne  and  Mr. 
Gray.  These  lead  us  to  infer  that  absolute  rest  along  a  line  of 
fault  must  be  a  most  improbable  occurrence,  owing  to  the  great 
irregularity  of  the  surface  rocks.  StiU,  we  may  believe  that,  in 
many  earthquakes,  the  disturbances  will  be  less  violent  along,  and 
in  the  neighbourhood  of,  the  line  of  fault,  than  in  other  parts  of 
the  disturbed  area;  and  that  in  earthquakes  of  moderate  intensity, 
the  motion  may  be  so  slight  as  to  be  imperceptible  to  observers 
unpractised  or  without  instrumental  assistance.  Evidently,  also, 
the  further  away  a  place  is  from  the  spot  where  the  fault-slip 
occurs,  the  less  likely  will  it  be  for  the  earthquake-waves  to 
interfere  there. 

The  Scottish  earthquake  of  November  28,  1880,  furnishes  a  good 
example  of  these  considerations.  It  occurred  at  540  p.m.,  after 
the  hour  of  sunset,  and  therefore  at  a  time  when  all  the  lighthouse- 
keepers  must  have  been  on  watch.    Mr.  C.  A.  Stevenson,  who  has 
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studied  this  earthquake/  mainly  from  the  reports  of  lighthouse- 
keepers,  shows  that  its  epioentrum  was  in  the  neighbourhood  of  the 
island  and  lighthouse  of  Phladda,  and  therefore  at  a  place  on  or 
olose  to  the  great  fault  which  traverses  Scotland  in  a  south-westerly 
direction  from  Inverness.  In  all  probability,  the  shock  was  caused 
by  a  slip  of  this  fault,  some  distance  below  Phladda.  On  the  map 
illustrating  Mr.  Stevenson's  paper  are  marked,  not  only  the  places 
where  the  shock  was  distinctly  felt,  but  also  those  where  it  is  ex- 
pressly stated  that  no  shock  or  tremor  was  observed.  A  glance  at 
this  map  suffices  to  show  that,  along  the  line  of  fault,  no  shock  was 
noticed  at  the  five  places  nearest  the  epicentrum,  while  at  two  more 
distant  places  in  Scotland,  and  again,  in  the  opposite  direction  on 
the  coast  of  Ireland,  the  earthquake  was  distinctly  felt^ 

In  the  same  manner,  the  following  well-known  instances  may 
perhaps  be  accounted  for,  though  the  facts  are  too  few  to  admit  of 
circumstantial  proof ' — the  sparing  of  a  solitary  house  at  Radioina 
during  the  Calabrian  earthquake  of  1783,  while  the  rest  of  the  town 
was  entirely  levelled ;  the  phenomenon  described  by  Humboldt,  when 
the  earthquake  is  said  by  the  Andean  natives  to  "  form  a  bridge," 
being  felt  in  two  near  but  separated  areas,  and  hardly  at  all  in  that 
between;  and,  lastly,  a  somewhat  similar  instance  mentioned  by 
Darwin  as  occurring  during  the  Concepcion  earthquake  of  1835. 


IV. — On  the  Wateewobks  at  Qoldstone  Bottom,  Bbightok. 

By  W.  Whitaker,  B.A.,  F.G.S.,  Assoc.  Inst.  C.E. 
Commtmicated  by  permission  of  the  Director-General  of  the  Geological  Surrey. 

THESE  works  were  at  first  only  supplementary  to  the  Lewes  Road 
Works,  on  the  east ;  but  now  are  the  chief  source  of  supply. 
They  were  begun  in  1865,  and  are  plaoed  in  a  hollow  in  the  Chalk, 
in  open  ground  at  the  north-western  edge  of  Brighton.  This 
hollow,  the  bottom  of  which,  I  am  told,  is  30  feet  below  the  lowest 
part  of  its  rim,  is  perhaps  in  itself  an  evidence  of  the  existence  of 
underground  water,  being  due,  most  likely,  as  is  usually  the  case  in 
limestone-districts,  to  the  dissolving  away  of  the  rock  by  under- 
ground water  and  to  the  consequent  sinking-in  of  the  surface.  It  is 
an  analogous  occurrence  to  the  Meres  of  Norfolk,  except  that  these 
are  generally  more  or  less  filled  with  water,  whilst  Goldstone  Bottom 
is  quite  dry  at  the  surface.  I  may  mention  that  at  the  time  of  my 
visit  there  was  so  thick  a  fog  that  it  was  impossible  to  see  the  hollow. 
The  Brighton  Waterworks  are  perhaps  the  best  example  of  the 
method  to  be  employed  in  getting  a  very  large  supply  from  the 

»  "The  Earthquake  of  28th  November,  1880,  in  Scotland  and  Ireland,*'  Edin- 
burgh Roy.  Soc.  Proc.,  vol.  xi.  pp.  176-187. 

^  It  should  be  mentioned  that  at  two  other  places  near  Phladda,  and  not  on  the  line 
of  fault,  the  earthquake  passed  unnoticed. 

'  Dolomieu,  **A  dissertation  on  the  Earthquakes  in  Calabria  Ultra,  which 
happened  in  the  year  1783,"  Pinkerton's  Voyages  and  Travels,  voL  v.  p.  290. — 
Humboldt's  Personal  Narrative,  vol.  iv.  p.  21. — C.  Darwin,  "  On  the  Connexion  of 
certain  Volcanic  Phenomena  in  South  America,  etc.,*'  Qeol.  Trans,  second  series, 
vol.  V.  pp.  606-6. 
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Chalk,  and  I  was  therefore  glad  to  be  able  to  accept  the  invitation 
of  the  Chairman  of  the  Waterworks  Committees  and  of  the  Engineer, 
Mr.  Edward  Easton,  to  visit  the  Goldstone  Bottom  Station  on 
December  6th,  1884,  when,  under  circumstances  not  likely  to  occur 
again  for  some  time,  the  party,  of  which  I  was  one,  was  able  to  go 
down  into  the  actual  source  of  supply  and  to  examine  it  thoroughly. 

For  the  history,  engineering  details,  and  general  account  of  the 
waterworks,  the  reader  is  referred  to  the  papers  by  Mr.  Easton  in 
the  Report  of  the  British  Association  for  1872,  pp.  395 — 400,  and  in 
the  Transactions  of  the  Brighton  Health  Congress,  1881,  pp.  48-66, 
with  three  plates. 

At  Brighton  the  water  is  got  from  the  Upper  Chalk  by  sinking 
shafts  down  to  about  low-water-level,  and  by  then  driving  galleries, 
or  small  tunnels,  more  less  at  right  angles  to  the  dip  of  the  beds,  so 
as  to  cut  the  fissures  along  which  water  flows  in  its  passage  from 
the  higher  ground  on  the  north  to  the  sea.  The  present  supply  is 
plentiful;  but  the  Corporation  have  looked  well  ahead,  and  took 
advantage  of  a  late  dry  season,  to  extend  these  tunnels  and  so  to 
get  a  future  increase  (at  the  Goldstone  Works). 

The  depth  of  the  shafts  varies  of  course  as  the  level  of  their  sites. 
At  Ooldstone  Bottom  there  are  four,  and  their  depth  is  150  feet  and 
more.  The  tunnels  vary  somewhat  in  size,  up  to  a  height  of  18  feet 
and  a  width  of  12  feet.  Under  ordinary  circumstances  these  tun- 
nels are  filled  with  water ;  but,  in  order  to  extend  them,  they  were 
practically  pumped  dry  (except  for  small  channels  by  the  side),  and 
about  2,(K)0,000  gallons  of  water  were  run  to  waste  daily,  after 
enough  had  been  taken  for  the  supply  of  the  town  and  neighbour- 
hood. By  the  skilful  management  of  the  resident  engineer,  Mr. 
Baker,  the  chalky  water,  that  comes  from  the  parts  where  work  was 
going  on,  was  kept  separate  from  the  ordinarily  clear  water  of  the 
springs  cut ;  so  that  the  supply  was  still  got  whilst  the  work  went  on. 

The  tunnels  are  in  white  chalk,  with  but  few  flints  in  the  flat 
planes  of  bedding;  but  with  many  oblique  layers  of  thin  flint 
filling  joint-planes.  These,  it  should  be  remarked,  are  evidence  of 
water-flow,  having  probably  been  formed  by  slow  deposit  from 
water  along  the  joints.  Some  joint-fissures  on  the  other  hand  are 
filled  with  a  soft  calcareous  and  sandy  deposit,  the  sand  brought 
down  from  above  by  the  sinking  water.  Though  some  of  the  chalk 
seemed  fairly  soft,  yet  I  am  told  by  Mr.  Easton,  that  much  of  it  was 
found  to  be  very  hard,  needing,  almost  constantly,  chisels  and 
sledge-hammers  to  break  it,  picks  being  often  of  no  use. 

At  Goldstone  Bottom  the  length  of  the  tunnel  was  1800  feet  in 
1881,  to  which  there  had  since  been  added  (or  would  be  added  by  the 
work  in  progress)  2600  feet 

The  supply  comes  chiefly  from  three  or  four  springs  yielding  from 
4000  to  5000  gallons  a  minute,  a  long  way  apart  Though  there 
are  many  small  additions  between  these,  yet  it  is  noteworthy  how 
far,  in  these  works,  a  tunnel  has  been  driven  before  cutting  a  fissure 
yielding  a  large  supply,  as  this  points  to  the  need,  in  some  cases,  of 
great  lateral  extension  to  get  the  required  supply  from  the  Chalk. 
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Had  recoarse  been  made  to  boring,  or  even  to  a  shaft,  only,  failare 
wonld  almost  certainly  have  ensued,  where  now  the  most  successful 
result  has  followed  from  driving  galleries.  At  the  Lewes  Hoad 
Works  a  different  state  Of  things  occurs :  the  springs  are  very  much 
smaller  and  nearer  together,  in  the  2400  feet  of  tunnel. 

It  has  occurred  to  me  that  the  concentration  of  the  underground 
water  at  Goldstone  Bottom  may  perhaps  tend  to  explain  the  occur- 
rence of  the  basin  there,  the  water  having  a  freer  course  there  than 
elsewhere,  and  therefore  escaping  more  readily  to  the  sea,  and 
carrying  away  more  chalk  in  solution. 

At  the  time  of  my  visit  the  tunnels  were  brilliantly  lit  up,  by 
means  of  candles  fastened  to  the  sides,  so  that  we  could  see  the 
length  of  the  tunnels  (in  one  case  about  800  feet)  and  all  the  springs 
issuing  from  the  bottom.  The  large  springs  were  seen  to  be  in 
connection  with  joint- planes,  which,  though  for  the  most  part  closed, 
or  nearly  so,  yet,  I  was  assured  (by  Mr.  Baker,  who  accompanied 
me),  were  open  where  the  water  came  out,  so  that  a  man's  arm 
could  be  thrust  in  the  opening. 

Some  small  inflows  of  water  from  the  upper  part  of  a  tunnel 
seemed  to  communicate  nearly  directly  with  the  ground  above,  as, 
though  running,  or  rather  gently  trickling,  at  the  time  (after  some 
wet  weather),  they  had  not  been  seen  before,  in  the  dry  weather. 
It  was  strange  indeed  to  see  the  great  extent  of  side  that  was  quite 
dry,  damp  being  the  exception,  and  to  think  that,  were  pumping 
stopped,  the  whole  would  be  filled  with  water  in  6  or  8  hours. 

In  the  North-eastern  tunnel  the  roof  is  throughout  of  one  bed, 
rarely  needing  support  At  the  bottom  of  this  bed  of  chalk  there 
was  a  thin,  but  continuous,  layer  of  flint,  which,  being  brittle,  had 
been  cleared  away.  It  is  curious  that  the  end  of  this  tunnel  has 
struck  on  an  old  well,  probably  one  that  was  made  in  the  early  part 
of  the  century,  when  a  number  of  French  prisoners  of  war  were 
encamped  on  the  site  of  the  works. 

Some  weak  places  in  the  tunnels  had  been  strengthened  by  brick- 
work ;  but  for  the  most  part  the  chalk  is  firm  enough  to  stand. 

To  conclude,  the  visit  to  these  important  works,  so  liberally 
opened  for  us  by  the  Corporation  of  Brighton,  could  not  fail  to  be  of 
the  greatest  interest  to  those  present,  and  to  be  a  source  of  instruction 
to  all  interested  in  the  important  question  of  water-supply  from  the 
Chalk.  

V. — Inquibt   goncbbninq    thb    Distribution    of  Tbbsdo-borid 

Wood  in  the  Eooenb. 

By  J.  Sta&xib  Gabdnbb,  F.G.S. 

THE  habits  and  distribution  of  this  marine  molluscan  pest  chiefly 
concern  the  engineer  and  ship-builder  at  the  present  day,  but  in 
the  past  their  presence  is  a  considerable  guide  to  the  geologist  as  to  the 
conditions  under  which  many  of  the  Eocene  beds  were  deposited.  It 
does  not  seem  to  have  existed  in  the  Gault  sea,  for  though  the  drift- 
wood of  this  period  is  riddled  by  some  of  its  destructive  ancestors,  such 
as  Teredina,  Lamarck,  and  perhaps  X^/op^a^^a,  it  is  far  less  completely 
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destroyed  than  when  the  true  ship-worm  has  been  at  work.*  Some- 
thing very  like  it  is  present  in  the  Chalk ;  but  when  we  come  to  the 
Eocenes,  there  is  no  longer  any  possibility  of  doubt  as  to  the  animal 
which  has  made  its  home  in  the  drifting  logs,  for  they  are  riddled  in 
the  way  peculiar  to  the  true  ship- worm,  and  its  shell  is  frequently 
left  in  the  bore-holes.  The  distribution  of  such  bored  wood  in  our 
Eocenes  must  prove  very  instructive  in  many  ways,  when  the  habits 
of  the  living  animal  are  more  thoroughly  known.  As  far  as  my 
own  observations  go,  it  occurs  in  the  following  beds,  but  I  trust  many 
of  our  numerous  local  observers  will  contribute  additional  and  more 
precise  information. 

I'hanet  Beds.-r-A  good  deal  of  the  silicified  wood  from  the  Thanet 
series  of  Heme  Bay  is  bored  by  Teredo.  Mr.  Dowker,  F.G.S., 
observes  that  most  of  the  perforations  are  parallel  with  the  grain  of 
the  wood,  and  mostly  range  from  -Ar  to  -A"  of  an  inch  in  diameter, 
though  there  are  many  smaller  bores  associated  with  them. 

Reading  Beds. — I  have  no  recollection  of  meeting  with  Teredo- 
bored  wood  in  this  formation. 

Woolwich  Beds. — Teredo  has  been  recorded  from  Charlton  and 
Sunderidge.  It  is  probable  that  all  wood  from  these  deposits  will 
prove  to  be  bored  by  the  ship- worm. 

Oldhaven  Beds, — Teredo  is  recorded  by  Mr.Whitaker  from  Charlton, 
Sunderidge,  and  Reculvers, 

London  Clay. — In  reply  to  my  inquiry,  Mr.W.  H.  Shrubsole,  F.G.S., 
has  very  kindly  sent  me  a  response  which  I  cannot  do  better  than 
quote : — 

"  Of  the  very  large  number  of  fossil  trunks  that  I  have  observed, 
in  nearly  every  case,  if  not  in  all,  it  has  been  evident  that  the  Teredo 
borings  were  on  one  side  of  the  ovally  compressed  stem,  and  in 
every  instance  where  I  have  examined  these  trunks  in  situ,  either  in 
the  cliflf  or  on  the  undisturbed  clay  floor  of  the  foreshore,  I  have 
found  the  borings  only  on  the  underside.  This  seems  to  show  that 
the  Teredo  attacked  the  log  when  it  was  floating  at  the  surface,  and 
that  it  was  silted  up  very  soon  after  becoming  water-logged  and 
going  to  the  bottom. 

"The  upper  surface  generally  has  a  limestone  covering  some 
inches  in  thickness.  The  trunks  are  nearly  always  cracked  up  into 
lengths  varying  from  two  to  four  feet  It  is  extremely  rare 
to  find  a  log,  large  or  small,  that  has  not  been  bored.  I  have  just 
examined  a  segment  of  a  large  fossil  trunk  which  I  selected  and 
brought  home  as  being  less  mutilated  by  Teredo  than  any  I  had  seen 
for  a  long  time,  and  I  find  that  its  appearance  quite  supports  the 
statement  made  above. 

"  Another  segment  of  the  same  trunk  I  had  cut  up  transversely 
into  slabs.  One  of  these  slabs  (polished)  is  at  Jermyn  Street,  and 
another,  I  think,  at  Cromwell  Road  Museum.  Reference  to  them 
will  probably  show  that  owing  to  destructive  action  on  one  side  the 
natural  axis  is  eccentric. 

I  Teredo  has  been  recorded  from  the  Jurassics,  but  the  generic  identity  is,  I  think, 
doubtful. 
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"  I  have  found  living  Teredo  in  wreckage  and  other  timber  that 
had  been  drifting  abont  for  some  time  in  the  same  relative  position 
as  in  the  fossil  trunks.  W.  H.  S." 

Some  of  the  logs  at  Sheppey  mnst  have  been  entire  trunks  of  large 
trees,  and  they  seem  to  have  beoome  water-logged  and  sunk  before 
the  Teredo  had  penetrated  through  even  to  the  core,  but  in  the 
vicinity  of  London,  where  wood  in  a  calcified  state  is  found  in  smaller 
pieces,  it  is  invariably  completely  riddled.  I  only  recollect  observ- 
ing it  elsewhere  at  Harwich  and  Heme  Bay,  but  there  is  no  doubt 
that  most  of  the  wood,  except  small  twigs,  is  universally  bored  by 
Teredo  in  this  formation. 

Lofoer  Bagshot  Formation, — I  cannot  trace  the  occurrence  of  any 
bored  wood  in  these  beds  at  Corfe,  Studland,  Alum  Bay,  or  elsewhere 
in  Dorset  and  the  adjoining  borders  of  Hampshire,  neither  does  Mr. 
Keeping  recollect  any  at  WhitecliflF  Bay.  I  have  found  it,  however, 
in  company  with  Mr.  Hndleston,  in  the  cutting  near  Walton. 

Middle  Bagshot  Formation,  —  The  wood  throughout  this  great 
formation  is  invariably  completely  riddled,  except  in  the  lowest  beds 
overlying  the  Lower  Bagshot  in  the  neighbourhood  of  Poole  Har- 
bour and  inland  to  the  N.W.  of  Bournemouth.  There  is  frequently 
so  little  of  the  substance  of  the  wood  left  that  it  appears  as  a  mere 
dark  stain  in  the  sand  separating  the  casts  of  the  tubes.  The  logs  in 
the  Bournemouth  beds  are  never  large,  seldom  exceeding  three  or  four 
feet,  and  are  riddled  quite  through  and  through.  In  a  higher  part  of 
the  series,  at  Hengistbury,  the  logs  are  larger,  sometimes  five  feet  long 
and  two  or  more  feet  in  width,  and  the  bores  are  relatively  gigantic, 
being  upwards  of  an  inch  in  diameter,  sparsely  scattered,  and 
obviously  the  work  of  a  different  animal.  Wood  from  the  true 
Bracklesham  beds,  wherever  met  with,  is  invariably  bored  by 
Teredo. 

Upper  Bagshot  Formation. — Wood  is  always  more  or  less  bored  in 
these  beds,  though  less  extensively  so  perhaps  in  the  Barton  series 
than  in  the  Bracklesham  beds  just  noticed,  for  solid  pieces  ooour  in 
the  former,  but  not  in  the  latter.  I  am  indebted  to  Mr.  Keeping  for 
corroborating  this  observation,  and  extending  it  to  the  same  series  in 
WhitecliflF  Bay,  where  I  had  not  noticed  any  wood. 

Lower  Headon  Beds, —  Neither  Mr.  Keeping  nor  myself  have 
noticed  bored  wood,  at  Hordle  and  in  the  Isle  of  Wight,  in  this 
formation. 

Middle  JEeadon  Beds, — Mr.  Keeping  tells  me  that  wood  is  in* 
variably  bored  in  the  Brookenhurst  beds,  but  I  have  no  notes  regard* 
ing  wood  in  the  beds  at  Colwell  and  Totland  Bays. 

Tipper  Jleadon  Beds, — No  boi-ed  wood  occurs  in  these. 

Bemhridge  Series, — Mr.  Keeping  and  myself  are  confident  that  no 
Teredo-bored  wood  occurs  in  any  part  of  this  series,  unless  in  the 
brackish  series  near  WhitecliflT  Bay,  where  none  however  has  yet 
been  observed.  Mr.  E.  A'Court  Smith  writes,  "  I  have  never  noticed 
Teredo-boring  in  any  of  the  wood  here,  though  some  of  the  wood  is 
apparently  perforated  by  a  species  of  beetle  (or  White- Ant  ?).  So 
great  is  the  perforation  in  some  cases  that  the  wood  drops  to 
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fragments  on  being  released  from  the  matrix.*'  I  find  no  record  of 
Teredo  from  the  Hempstead  beds. 

I  have  never  met  with  any  Teredo-bored  wood  in  the  Antrim  and 
other  northern  Eocenes,  nor  at  Bovey  Tracey.  Additional  informa- 
tion would  be  of  importance,  especially  with  regard  to  the  London 
Basin,  where  the  tubes  often  remain  as  hard  cores  of  pyrites,  when 
the  wood  itself  is  soft  and  perishing.  They  are  rounded  and  bluTit 
and  closed  at  the  thick  end  and  open  at  the  thinner  end,  and  in  this 
state  are  often  mistaken  for  plant-remains  such  as  roots  or  stems. 
On  one  occasion  I  was  sent  for  to  Bournemouth  on  account  of  the 
supposed  discovery  of  fossil  canes  or  reeds  in  aitUy  these  being 
nothing  more  than  casts  of  Teredo-boring  in  a  vertical  position. 

With  regard  to  the  habits  of  the  living  Teredo,  it  was,  I  believe, 
for  a  long  time  assumed  to  be  a  purely  marine  mollusc,  and  its  oc- 
currence in  Eocene  deposits  that  were  quite  obviously  of  fresh-water 
origin  was  a  serious  stumbling-block.  It  has  gradually  been  ascer« 
tained,  however,  to  ascend  very  far  up  tidal  rivers ;  but  whether  it 
ever  passes  up  completely  beyond  the  influence  of  saline  water,  is 
a  question  that  appears  to  be  unsettled.  It  is  one,  however,  which 
must  be  set  at  rest,  if  we  are  ever  to  understand,  and  be  in  a  position 
to  restore,  the  physiography  of  the  great  river  to  which  the  deposi- 
tion of  the  entire  English  Eocene  basin  is  due. 

The  late  Dr.  Qviryn-Jeflfreys  appears  to  have  collected  more  infor- 
mation bearing  on  this  point  than  any  previous  writer,  and  the 
following  is  an  extract  from  his  British  Conchology,  p.  147 : — 

"  T,  Senegalensia,  de  Blainv.,  was  discovered  by  Adanson  in  the 
roots  of  the  Mangrove  and  another  kind  of  tree  lining  the  banks  of 
the  Niger,  Gambier,  and  other  rivers  on  the  W.  coast  of  Africa, 
which  were  only  subject  to  an  influx  of  sea-water  for  a  few  months 
in  the  year.  According  to  Adanson,  the  water  of  these  rivers  is 
quite  fresh  or  sweet  during  the  remaining  months;  and  T,  Sene- 
galensis  not  only  exists,  but  retains  its  full  vigour  throughout  the 
whole  year.  This  statement,  however,  must  be  received  with  some 
qualification.  I  was  assured  by  Dr.  Welwitsch,  the  great  botanical 
traveller,  that  in  the  tidal  rivers  of  South  Africa,  the  water  in  the 
middle  stream  is  fresh,  while  that  of  the  sides  is  brackish,  and  that 
no  kind  of  Mangrove  has  been  known  to  live  in  fresh  wat^er. 
Another  sort  of  ship- worm  {Nausitora  Dunlopei  of  Perceval  Wright) 
has  lately  been  found  in  India,  inhabiting  the  river  Comer,  one  of 
the  branches  of  the  Ganges,  and  a  perfectly  freshwater  stream,  that 
joins  the  main  river  at  a  distance  of  about  70  miles  from  the 
sea.  Dr.  Kirk,  the  friend  and  companion  of  Livingstone,  informs 
me  that  he  picked  up  a  piece  of  ebony  (Dalbergia  mdanoxyJon)  on  a 
sandbank  in  the  Zambesi  river,  the  water  of  which  was  there  always 
fresh  and  drinkable  100  miles  from  the  sea — very  far  beyond  Ihe 
influence  of  the  tide,  which  never  comes  more  than  10  miles  up  the 
creeks  of  the  delta.  This  piece  of  ebony  was  pierced  in  all  direc- 
tions by  a  species  of  Teredo  having  a  calcareous  sheath.  The  kind 
of  wood  mentioned  by  Dr.  Kirk  resembles  the  ebony  of  commerce, 
but  is  utterly  worthless  except  as  fire- wood ;  and  therefore  it  is  not 
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at  all  likely  that  the  piece  in  question  ooald  have  been  aooidentally 
brought  inland,  after  being  perforated  in  the  sea  by  Teredo,  It  sinks 
in  water,  is  rather  brittle,  much  harder  and  far  more  compact  than 
either  mahogany  or  teak,  and  is  full  of  some  mineral  matter  that 
quickly  deadens  the  edge  of  any  tool.  It  does  not  grow  on  the  coast, 
nor  within  50  miles  of  it  on  the  Zambesi.  Dr.  Kirk  adds  that  in 
the  bottom  planks  of  the  pinnace  belonging  to  the  expedition,  the 
ship- worm  was  also  found,  with  it«  soft  parts  attached  to  the  finely 
sculptured  valves.  The  boat  was  so  riddled  that  the  quartermaster 
pushed  a  paint  brush  through  her  double  planks.  This  was  at  Tete, 
250  miles  from  the  sea,  after  the  pinnace  had  remained  there  six 
months  at  anchor.  I  regret  not  having  space  to  give  in  extenso  Dr. 
Kirk's  interesting  account  of  all  the  circumstances  connected  with 
this  discovery.  There  is  not  the  slightest  doubt  that  the  Teredo 
observed  by  him  inhabiU  water  which  t«  at  all  times  perfectly  sweet  and 
fresh,** 

With  regard  to  its  occurrence  in  fresh  water  in  India,  a  letter 
from  a  member  of  the  Survey  appeared  in  "  Nature  "  of  April  19th, 
1877 :  ''  That  the  delta  of  the  Irawadi,  a  tangled  maze  of  creeks,  the 
waters  of  which  are  brackish  or  salt  for  about  half  the  year,  and 
slightly  so,  and  even  potable  during  the  other  months.  The  large 
canoes  which  traverse  these  creeks  are  much  infested  by  ship- worm, 
and  are  fired  to  get  rid  of  them.  I  cannot  recall  any  instances  of 
bored  wood  well  above  the  tide-way,  but  wherever  the  water  is 
occasionally  brackish,  thus  far  the  worms  seem  capable  of  settling. 
Perceval  Wright  has  described  Nausitoria  Diinhpei  from  the  rivers  of 
Eastern  Bengal  as  NovactUina  ga^igetica.  The  two  Burmese  species 
of  Scaphuin  are  both  estuary  forms,  whereas  the  type  of  the  genus 
in  the  Granges  is  found  a  thousand  miles  from  the  sea." 

Dr.  W.  T.  Blanford,  F.R.S.,  in  reply  to  my  question,  almost  dis- 
poses of  the  contention  that  Teredo  actually  becomes  a  bona-fide  fresh- 
water mollusc,  so  far  as  India  is  concerned.  He  writes :  "  I  know 
nothing  of  any  occurrence  of  Teredo  in  Indian  freshwater,  and  as  I 
for  many  years  paid  a  good  deal  of  attention  to  Indian  freshwater 
shells,  I  should  be  much  surprised  if  Teredo  were  really  found  in 
fresh  water  there.  The  genus,  however,  abounds  in  the  salt  and 
brackish  water  of  estuaries ;  all  dead  wood  and  even  dead  branches 
of  living  trees  being  riddled  with  borings  of  several  different  forms. 
I  have  seen  them  abundantly  in  the  deltas  of  the  Ganges  and 
Irawadi  rivers.  The  estuarine  mollnscan  fauna  is  very  rich  and 
peculiar  in  India.  At  times  of  flood  the  quantity  of  water  pouring 
down  the  rivers  is  so  great  that  estuaries  become  temporarily  fresh, 
and  in  this  case  estuarine  forms  may  be  found  living  in  what  is  for 
the  time  freshwater." 

There  is  still,  however,  considerable  doubt  as  to  the  limits  to 
which  the  ship- worm  penetrates  in  Australian  rivers,  and  naturalists 
with  whom  I  have  conversed  seemed  under  the  impression  that  it 
might  be  met  with  above  rapids,  and  altogether  out  of  reach  of  even 
an  occasional  mixture  of  brackish  water.  The  only  further  infor- 
mation I  have,  is  contained  in  a  letter  to  **  Nature,"  May  3rd,  1877, 
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in  which  Mr.  Arthur  Niools,  speaking  from  recollection,  says  that 
•*  Teredo  navalis  is  certainly  able  to  endure  a  long  continuance  of 
freshwater.  At  Brisbane  the  river  is  subject  to  freshes,  one  of 
which  lasted  ten  days,  when  the  flood  was  so  powerful  that  ocean 
steamers  could  not  get  up.  Salt-water  is  said  at  floods  to  ascend 
thirty  miles  beyond  the  town,  which  is  itself  twenty-five  miles  from 
the  Pacific, — but  the  ebbs  are  more  fresh  than  salt.  Piles  have  to 
be  protected  with  Muntz  metal.'* 

It  will  be  seen  that  more  definite  information  is  required  on  all 
the  points  raised.  There  is  said  to  be  a  freshwater  Carcharias  in 
the  rivers  of  Fiji,  and  it  would  be  interesting  to  learn  whether  it 
also  ever  lives  wholly  beyond  the  tidal  reaches,  or  merely  ascends 
rivers,  as  seals  will,  in  search  of  food. 

It  thus  appears,  so  far  as  we  can  go  at  present,  that  Teredo 
chiefly  flourished  during  our  Eocene  time  in  waters  that  were  clearly 
estuarine.  The  purely  salt  water  reaches  of  the  great  river,  such  as 
those  in  which  the  London  Clay  and  Bracklesham  beds  were 
deposited,  were  less  favourable  to  its  development  than  the  almost 
fresh-water  reaches  in  which  the  Bournemouth  fresh-water  beds  and 
the  Lower  Bagshot  of  the  London  Basin  were  formed.  In  this  last 
class  of  deposits  there  is  no  other  sign  whatever  of  aquatic  life,  either 
fresh  or  salt,  and  we  are  forced  to  conjecture  that  perhaps  frequent 
change  from  quite  fresh  to  quite  salt  water  was  the  excluding 
cause.  In  what  were  perhaps  more  littoral  marine  beds,  out  of  the 
influence  of  the  river,  such  as  those  of  Heme  Bay  and  Highcliff,  the 
Teredo  seemed  comparatively  to  languish,  and  it  is  quite  excluded 
from  the  higher  reaches  of  the  river  in  which  the  Lower  Bagshot s 
of  Studland  and  Corfe  were  formed,  and  which  from  the  presence  of 
Unto  would  appear  to  have  been  wholly  freshwater.  It  had  no  place 
in  the  lacustrine  deposits  of  Headon  and  Bembridge,  and  even  the 
brackish  and  salt  waters  of  these  formations  seem  to  have  been  quite 
unfavourable  to  it,  being,  it  appears,  from  their  teeming  life,  too 
permanently  either  fresh  or  salt  Without  its  presence  we  might 
never  have  suspected  that  many  important  masses  of  sediment 
containing  terrestrial  vegetation  had  ever  been  formed  within  the 
influence  of  the  tides  of  the  sea.  Sufficient  has  been  said  to 
illustrate  the  peculiar  local  significance  that  the  record  of  this 
destructive  mollusc  may  possess  with  regard  to  the  origin  of  a 
formation.  It  is  noteworthy  that  the  Eocenes  possess  three  distinct 
types  of  Teredo  which  have  not  as  yet  been  distinguished. 


3sroa?iCES    oif    nsdiEDSJione^s. 


I. — Report  on  the  Geology  of  the  Kimberlby  District, 
Western  Australia.  By  Edward  T.  Hardman,  etc.,  of  H.  M. 
Geological  Survey  of  Ireland.  Fcap.  pp.  22,  16  Plates,  Map. 
(Perth,  W.A.,  1884.) 

THE  country  described  in  this  very  excellent  report  comprises  that 
portion  of  Western  Australia  extending  from  Boebuck  Bay 
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inland  to  the  Leopold  Eangea,  and  between  Port  Usbome,  and  a  line 
running  eastward  to  the  south  of  the  Fitzroy  River  (lat.  16°  35'  and 
18°3(y  S.,  long.  122°  IC  and  126°  60'  E.),  including  in  all  12,800 
square  miles. 

It  may  be  generally  described  as  a  vast  undulating  plain,  rising 
gradually  from  the  sea-coast  to  a  height  of  200  ft,  broken  by  isolated 
hills  and  some  extensive  mountain  ranges,  the  highest  reaching 
2000  ft  above  the  sea-leveL  The  district  is  unusually  well  watered, 
The  geological  formations  represented  over  this  immense  tract  of 
country  consist  of  Kecent  accumulations,  Pliocene  sand  and  gravels, 
Carboniferous  sandstones,  grits,  and  limestone,  and  Metamorphic 
rocks. 

llie  Recent  accumulations  are — (a.)  Wide  sand-flats  locally  termed 
"  Marshes,"  along  the  sea-coast,  and  extending  inland  for  miles,  the 
most  striking  instance  being  the  great  plain  from  Roebuck  Bay  to 
Barlee  Spring,  llie  contained  fossils  are  of  recent  species.  (6.) 
Alluvium  deposited  by  successive  flood ings  of  the  rivers,  estimated 
as  equal  to  3355  square  miles,  or  2,147,200  acres.  But  taking  into 
consideration  an  average  thickness  of  30  ft,  we  have  the  '*  enormous 
weight  of  103,924,480,000  tons  of  silt  and  mud  carried  down  by 
these  rivers"  of  the  Eimberley  District  (c.)  River-gravels  accu- 
mulated in  the  upper  reaches  of  many  of  the  streams  (notably  in  the 
Usbome  district),  the  pebbles  often  reaching  six  to  nine  inches  in 
diameter.  These  subdivisions  comprise  the  ''Recent"  formations 
described  by  Mr.  Hardman. 

Certain  deposits  of  reddish  sand,  with  small  pea-like  nodules  of 
ironstone,  and  other  rocks,  with  beds  of  red  and  yellow-ochreous 
earth,  are  provisionally  classed  as  Pliocene.  They  are  termed  the 
''  Pindan  "  sands  and  gravels,  and  occupy  a  very  large  area,  and  have 
been  proved  to  be  at  least  30ft  in  thickness.  They  are  unfossiliferous, 
^<but  there  can  be  little  question  that  they  ai-e  of  comparatively 
recent  age." 

The  Carboniferous  rocks  appear  to  be  separable  into  an  upper  and 
lower  series.  The  upper  consists  of  sandstones,  and  forms  the  chief 
mountain  ranges,  extending  as  much  as  190  miles  into  the  interior, 
and  are  over  1000  ft.  in  thickness.  Lepidodendronf  CalamiUs,  and 
Sigillaria  are  said  to  occur  in  these  beds,  but  no  traces  of  coal  have 
been  met  with.  The  apparently  overlying  Carboniferous  Limestone 
extends  in  a  line  N.  W.  and  S.E.  directly  across  the  Eimberley  district, 
with  a  maximum  breadth  of  thirty  miles,  and  an  estimated  thick- 
ness of  1 000 ft  "It  is  a  light-coloured,  compact,  brittle,  splintery, 
more  or  less  Magnesian  Limestone,"  and  bears  a  strong  resemblance 
to  the  Upper  Carboniferous  Limestone  of  Ireland.  It  is  in  places 
very  cavernous.  Fossils  were  met  with  abundantly  at  certain 
localities,  and  the  list  of  species  given  by  Mr.  Hardman  clearly  bears 
out  the  age  assigned  to  the  beds. 

The  Metamorphic  rocks  are  divided  into  two  classes — the  schistose, 
including  gneiss  schist  and  metamorphic  granite,  and  quartzites  and 
altered  grits.  The  former  are  widely  developed  along  the  base  of 
the  Leopold  Range,  and  contain  quartz  veins,  and  the  common  garnet 
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in  great  abundance.  The  qnartzites  and  altered  grits  constitnte  the 
mountainous  country  in  Eimberley,  and  are  interstratified  with  red 
and  yellow  sandstones,  conglomerates,  and  grits. 

Dykes  of  felstone,  of  later  age  than  the  Metamorphic  rocks,  are 
also  met  with.  No  precious  metals  were  discovered,  but  Mr.  Hard- 
man  believes  in  their  discovery  being  probable  in  this  series. 

The  Report  is  accompanied  by  sixteen  geological  views,  and  a  very 
good  map. 

n. — The  Lias  of  Fbnny  Compton,  Warwiokshib*. 

MB.  THOMAS  BEESLEY,  F.O.S.,  has  just  issued  this  paper 
with  additions  and  corrections  to  the  end  of  1885.  The  author 
describes  the  situation  of  Fenny  Compton  as  a  little  station  on  the 
Great  Western  and  East  and  West  Junction  Railways,  on  the  War- 
wickshire side  of  the  boundary  between  that  county  and  those  of 
Oxford  and  Northampton,  eight  miles  from  Banbury  and  twelve 
from  Leamington,  and  at  an  elevation  of  nearly  400  feet  above  the 
sea.  He  points  to  the  Burton  Hills,  whose  bold  escarpment  forms  so 
pleasing  a  feature  in  the  landscape,  as  the  extremity  of  the  Marlstone 
promontory  which  stretches  from  the  Cherwell  valley  into  the  Lower 
Lias  bay  of  Warwickshire.  He  then  directs  attention  to  the  sources 
of  the  Leam,  the  Cherwell,  and  the  Nene,  flowing  respectively  to 
the  Severn,  Thames,  and  Ouse,  which  sources  are  all  within  a  circle 
of  one  mile  radius,  in  the  high  gronnd  above  the  Marlstone  escarp- 
ment of  Northamptonshire,  a  short  distance  east  of  the  Burton  Hills. 
The  railway  at  Fenny  Compton  passes  for  nearly  three-quarters  of 
a  mile  through  a  cutting  which  exposes  a  section  of  the  lowest  zone 
of  the  Middle  Lias,  which,  with  the  exception  of  those  on  the  Dorset- 
shire and  Yorkshire  coasts,  is  probably  the  most  extensive  to  be  met 
with  in  England.  The  zone  of  Ammonites  JameSoni  which  occurs 
at  Fenny  Compton  is,  with  the  two  others  next  above  it,  referred  to 
the  Lower  Lias  in  the  maps  and  memoirs  of  the  Geological  Survey 
of  England;  but,  under  the  circumstances,  the  author  prefers  the  con- 
tinental arrangement.  Proceeding  southwards  upon  the  East  and 
West  Junction  line,  the  banks  rise  rapidly,  exposing  a  bluish-black 
shale,  fine  in  texture  and  rather  marly.  With  one  doubtful  exception, 
none  of  the  Ammonites  of  the  Lower  Lias  have  been  found  there. 
Some  geologists  have  attributed  this  bed,  and  a  good  deal  above  it,  to 
the  "Raricostatus  zone"  of  the  Lower  Lias,  but  Professor  Tate,  who 
had  carefully  examined  it,  agreed  with  the  author  that  there  was  an 
error  in  the  conclusion. 

The  bed  soon  presents  unmistakable  Middle  Lias  characteristics  in 
the  form  of  parallel  lines  of  pale  grey  or  reddish  flattened  nodules. 
They  are  much  more  calcareous  than  the  clay  in  which  they  are 
embedded,  and  contain  a  notable  amount  of  phosphoric  acid,  chiefly 
combined  with  lime.  I'here  are  five  lines  of  conspicuous  nodules 
in  the  40  feet  of  shale.  The  lower  nodules,  like  the  shale  in  which 
they  lie,  are  rather  poor  in  fossils,  though  both  become  richer  in 
higher  ground.  The  author  possesses  a  small  one  containing  on  its 
surface  50  specimens  belonging  to  more  than  20  species,  one  of  which 
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is  a  Discina,  About  a  quarter  of  a  mile  from  the  station,  two 
noticeable  bands  of  stone  occur  about  40  feet  above  the  base  of  the 
section.  The  upper  stone  is  separated  from  the  lower  by  4  ft.  6  in. 
of  dark  blue  clay  with  many  fossils.  It  is  of  the  same  mineral 
character  and  appearance  as  the  lower ;  but  contains  corals  of  the 
genus  MonUivaltia,  while  corals  are  no  longer  present  in  the  lower. 
The  SpiriferiwBf  which  play  so  important  a  part  in  the  fauna  of  the 
upper  stone  band,  as  well  as  the  corals  and  Waldheimia  numismalis, 
are  absent  from  the  Yorkshire  Lias.  The  dip  of  the  beds  is  dis« 
tinctly  to  the  south,  as  the  stone  bands  sink  below  the  surface,  at 
a  distance  of  about  a  third  of  a  mile  beyond  the  spot  where  they 
first  appear.  The  true  dip  is  about  three-fourths  of  a  degree. 
Above  the  stone  bands,  the  shale  gradually  becomes  greyer,  rougher, 
and  more  lumpy,  many  of  the  lumps  containing  impressions  of 
fuooids. 

The  following  is  a  detailed  section  of  the  Fenny  Compton  beds : — 

Ft.  in. 

Eouf^h  shaly  clay 20 

Band  of  calcareo-argillaceoas  nodules      

Shale 

Band  of  nodnles  with  Am,  Henley i,  A.  Ibex,  A,  Maugenetii,  A.  Valdani  ... 

Shale      

Band  of  noddles  with  Am,  Maugenetii,  and  FucoidB     

Shale,  with  Belemnites       

Boogh,  shelly,  argillaceous  limestone,  with  Am.  Valdani,  and  A.  Jameeoni^ 
Spiriferinaverrueosa^Beiemnitei  elavatus,  LimaSettangimeit,  ffaldheimia 
numismaltif  Rhtfnehonella  rimota      

Shale,  with  Belemnites       

Bough,  shelly,  argillaceous  limestones  with  Am.  armatus  (j/oung),  Peeten 
priaeua,  Limea  aeutieonta,  Gryphaa  ohliquata^  Oardinia  attenuata^ 
Rhynehonelia  rimasa.     Corals 

c^iiaie    •••     •  .     «ac     «••     (••     •..     •••     •••     •••     •••     ...     ...     ...     ...     ... 

Band  of  nodules 

Shale    

B^nd  oi  nodules -with  Feeten  eahua,  Ter^ratula  euiovoidei 

Shale 

Band  of  nodules 

Shale    „     

Band  of  nodules 

Shale    

Band  of  nodules 

onaie    •«•    «••     .«•    «,,    «,,     ,»•    ...    ...    ...    ...     ...     ..•     ...    ...    ... 
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III. — AkNALEN  Dies  K.  K.  NaTUBHISTORISGHEN  HomUSBUMS  ;  BBDIOIBT 

von  Dr.  Fbanz  Ritter  von  Haubb.   Band  I.  No.  1.    Jahresbericht 
fur  1885,  von  Dr.  F.  von  Haukb.     (Wien :  1886.) 
Annals  of  the  Royal  Natubal  Histobt  Museuk.     Edited  by 
Dr.  F.  von  Haubb.    Vol.  I.  No.  1.     Annual  Report  for  1885,  by 
Dr.  F.  von  Haueb.     (Vienna  :  1886.) 

THIS  report  contains  a  review  of  the  progress  made  in  the  organi- 
zation of  the  New  Natural  History  Museum  of  Vienna  under 
the  superintendence  of  the  well-known  mineralogist.  Dr.  von  Hauer, 
the  suocessor  of  the  late  Dr.  F.  von  Hochstetter.    Until  lately,  the 
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various  Natural  History  ooUections  of  the  Austrian  capital  were 
deposited  in  diflferent  buildings,  under  independent  management,  but 
they  have  now  been  brought  together  in  a  magnificent  edifice  ex- 
pressly constructed  to  receive  them.  The  Museum  includes  the 
following  five  divisions :  (1)  Zoological ;  (2)  Botanical ;  (3) 
Mineralogical  and  Petrographical ;  (4)  Geological  and  Palaeonto- 
logical ;  (5)  Anthropological  and  EthnographicaL  Dr.  A.  Brezina 
and  Theodor  Fuchs  are  the  keepers  of  the  third  and  fourth  depart- 
ments respectively.  The  mineralogical  collection  is  noted  more 
particularly  for  its  meteorites,  of  which  there  are  1207  specimens 
from  365  different  localities ;  and  the  special  forte  of  the  palseonto- 
logical  division  is  the  splendid  collection  of  Tertiary  mollusca. 

A  special  library  is  being  formed  in  connection  with  the  museum, 
and  we  notice  with  pleasure  the  facilities  provided  for  carrying 
forward  original  research  whether  by  the  museum  officials  or  by 
voluntary  independent  investigators. 

The  present  number  is  intended  as  the  firat  of  a  series  in  which  it 
is  proposed  to,  publish,  together  with  the  museum  report,  original 
memoirs  on  various  natural  history  subjects. 

IV. — Die  Cbinoidkn  dks  norddkutsohkn  Obeb-Dkvons.  Von  A. 
VON  E(ENEN,  in  Gottingen.  Neues  Jahrbuch  fur  Mineralogie, 
eta,  1886,  Bd.  L  p.  99-116,  Plates  I.— XL 

OWING  to  their  defective  state  of  preservation,  very  little  has 
hitherto  been  known  of  the  Crinoids  of  the  Upper  Devonian 
strata  of  North  Germany.  Prof,  von  Koenen  in  this  paper  gives  the 
results  of  a  critical  examination  of  specimens  which  he  has  for  many 
years  been  collecting,  as  well  as  of  those  preserved  in  the  Museums 
of  Bonn,  Berlin,  and  Aix-la-Chapelle.  From  a  comparison  with  the 
forms  from  the  Famennien  group  of  Senzeille  in  Belgium,  described 
by  Fraipont,  the  author  has  been  able  to  determine  the  position  of 
the  anal  plate  and  the  composition  of  the  ventral  roof  of  the  calyx 
of  the  different  species;  characters,  which  the  author  regards  as 
of  special  value  in  the  determination  of  species.  The  following 
species  are  described  and  figured : — Melocrinus  gibhosua,  Gtoldt,  3f. 
hieroglyphicus,  Goldf ,  M.  Chapuiai,  Dewalque,  M,  Dewcdquei,  n.  sp., 
M,  Benedini,  Dew.-Fraipont,  Hexacrinus  infundihtdum,  n.  sp.,  H, 
angtdosus,  n.  sp.,  H.  verrucosus,  Dewalque,  H.  tuberctdatus,  n.  sp.,  and 
Storthingocrinus  spharicus,  sp.  n.  G.  J.  H. 

y, — Eboords  of   the   Geological   Survey  of  India,  Vol.  XIX. 

Part  1,  1886. 

THIS  part  contains,  with  other  papers,  the  Annual  Report  of  the 
Geological  Survey  of  India  by  Mr.  H.  B.  Medlicott,  in  which 
attention  is  more  particularly  called  to  the  discovery,  by  Dr.  Warth, 
of  PalaBOzoic  fossils  in  the  Salt  Range  of  the  Punjab,  in  strata,  asso- 
ciated with  a  noted  Boulder-bed,  which  have  hitherto  been  regarded 
as  belonging  to  the  Cretaceous  series.  The  fossils,  which  have  been 
determined  by  Dr.  Waagen,  include  several  species  of  Conularia^ 
Bucania,  NuciUa,  Atpmodesma,  Aviculopectenf  Discina  and  SerpuUtes, 
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some  of  which  ooour  in  Carboniferous  strata  in  Australia,  and  others 
are  related  to  species  from  the  Carboniferous  Limestone  of  Belgium. 
A  further  interest  attaches  to  this  discovery  of  Carboniferous  fossils 
in  connection  with  the  Boulder-bed  in  the  Salt  Bange,  from  the 
probability  that  this  bed  may  be  identical  with  the  Talchir  boulder 
glacial  deposits  found  almost  everywhere  at  the  base  of  the  Gond- 
wana  rocks  of  Peninsular  India.  These  in  turn  have  been  correlated 
with  remarkable  Boulder-beds,  believed  to  be  due  to  ice-action,  occur- 
ring in  the  Carboniferous  series  of  Australia.  Mr.  B.  D.  Oldham  has 
lately  visited  Australia,  and  contributes,  in  this  part,  a  highly  im- 
portant memorandum  on  the  subject.  This  further  evidence  strongly 
supports  the  original  views  of  Dr.  Blanford  as  to  the  Palssozoic  age 
of  the  Lower  Gondwana  deposits,  and,  as  Mr.  Medlicott  remarks, 
'*  it  would  be  the  first  clear  and  broad  case  to  confirm  the  assertion, 
made  twenty-five  years  ago*  by  Prof.  Huxley,  when  introducing  the 
term  '  homotaxis,'  for  it  shows  that  a  full-blown  Mesozoic  flora  in 
one  region  of  the  earth  was  contemporaneous  with  a  full-blown 
Paladozoic  flora  in  another  region." 

Under  "  Afghan  and  Persian  Field  Notes,"  Mr.  C.  L.  Griesbach, 
who  accompanied  the  Afghan  Boundary  Commission  as  geologist, 
gives  an  outline  sketch  of  the  various  geological  formations,  which 
range  from  the  Post-Tertiary  to  the  older  Palsdozoics,  occurring  in 
the  Herat  Valley  and  Khorassan. 

The  other  papers  in  this  part  are  "  Notes  on  the  Section  from 
Simla  to  Wangtu,"  by  Col.  McMahon,  and  an  excellent  "  Beport 
on  the  International  Geological  Congress  of  Berlin,"  by  Dr.  W.  T« 
Blanford,  F.B,S.  G.  J.  H. 


VI. — CoNTBiBUTiONS  A  LA  GfeoLOGiB  DBS  Pays-Bas.    Par  Dr.  J. 

LoRll:.      HisULTATS    Gl:OLOOIQUBS      ET     PALf^ONTOLOOIQUES     DBS 

Forages  db  Pcits  a  Utrboht,  Gobs  et  Gorkum.  Extrait  des 
Archives  Teyler,  Series  II.  tom.  ii.  Large  8vo.  pp.  132,  and  5 
lithographic  plates.     (Haarlem,  1885.) 

11HE  opportunities  of  studying  the  structure  of  the  earth's  crust 
in  a  flat  country  like  the  Netherlands  are  indeed  few  and  far 
between.  There  are  no  coast  or  valley  sections,  and  owing  to  the 
general  level  character  of  the  country,  scarcely  any  artificial  cuttings 
are  required  for  the  railways.  Under  such  circumstances,  well- 
sinkings  afford  the  best,  and  almost  the  only  means  of  ascertaining  the 
Btratigraphical  succession.  In  the  course  of  the  last  few  years,  three 
important  sinkings  have  been  made  in  this  country,  at  Utrecht,  at 
Goes  on  the  island  of  South  Beveland,  and  at  Gorkum  in  South 
Holland.  The  first  of  these  was  carried  to  the  depth  of  369  metres, 
that  at  Gk)es  to  223*9  m.,  and  that  at  Gbrkum  to  182  m.  beneath  the 
surface,  which,  in  each  case,  did  not  exceed  5  m.  above  the  sea-leveL 
The  distribution  and  the  characters  of  the  fossils  met  with  in  these 
well-borings  have  been  carefully  investigated  by  Dr.  Lori6,  and  this 
memoir  contains  critical  descriptions  and  figures  of  the  different 
species  and  tabular  lists  of  their  ooourrenoe  in  the  beds  at  different 
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depths,  and  a  comparison  with  those  in  strata  of  corresponding  age 
in  Belgium  and  East-Anglia. 

The  strata  pierced  in  these  well-borings  consist  entirely  of  beds 
of  gravel,  sand  and  clay,  of  Tertiary  and  Quaternary  age,  some 
barren  of  fossils,  others  with  shells,  bryozoa  and  other  fossils.  There 
are  131  species  enumerated,  all  of  which  have  been  previously 
described.  In  the  Groes  boring  the  entire  thickness  of  the  Pliocene 
is  penetrated.  The  Lower  Pliocene  or  Diestien,  the  equivalent  of 
the  Coralline  Crag,  has  a  thickness  of  87  metres.  It  contains  a  certain 
proportion  of  Polyzoa  and  appears  to  have  been  deposited  in  a 
tolerably  deep  sea.  It  rests  upon  the  Rup61ien  clay  of  Middle 
Oligocene  age.  The  Upper  Pliocene  or  Scaldisien,  the  equivalent 
of  the  Red  Crag  of  East-Anglia,  has  a  thickness  at  Goes  of  between 
23  and  29  metres.  Above  this  comes  the  so-called  Diluvial  beds, 
about  47  metres  in  thickness.  At  Utrecht  the  Diestien  beds  have 
a  minimum  thickness  of  126  m.  and  their  base  is  not  reached.  They 
are  principally  greyish-green  sands  with  intervening  bands  of  clay, 
and  the  absence  of  Polyzoa  and  the  broken  condition  of  the  shells 
indicate  a  shallower  sea  than  at  Goes.  The  Scaldisien  or  Red  Crag 
has  a  thickness  of  82  m.,  and  there  itre  above  it  beds  of  Quaternary 
and  Recent  age  162  m.  in  thickness.  At  Gbrkum  the  base  of  the 
Scaldisien  or  Red  Crag  was  not  reached  at  the  depth  of  182  m. 
This  deposit  has  thus  a  minimum  thickness  of  62  m.,  and  from  the 
fragmentary  and  triturated  shells  therein,  it  appears  to  be  of  littoral 
origin.  Above  this  are  freshwater  beds,  28  m.  in  thickness,  of 
Quaternary  age.  With  the  exception  of  the  first  12  m.  of  recent 
deposits,  the  intervening  strata  80  m.  in  thickness  are  also  of 
Quaternary  age. 

This  memoir  is  a  valuable  contribution  to  the  history  of  the  later 
fossiliferous  strata  in  a  new  area,  and  it  has  a  special  interest  to  the 
student  of  the  corresponding  beds  in  East-Anglia.  G.  J.  H. 


le.  DS3  V"  I  El  "VT-  S- 


T. — Bulletins  of  thi  United  States  Geological  Survey.    Nos. 
1-19.     (Government  Printing  Office,  Washington,  1884-6.) 

IN  addition  to  the  large  volumes  of  the  Annual  Beports,  and  the 
magnificent  Monographs,  the  United  States  Geological  Survey 
are  also  issuing  a  series  of  Bulletins,  each  on  a  special  subject  and 
complete  by  itself.  Nineteen  of  these  papers  have  already  been 
published.  Some  of  them,  it  is  true,  treat  of  subjects  which  are  but 
remotely  connected  with  geological  research,  as,  for  instance,  "  Gold 
and  Silver  Conversion  Tables,"  giving  the  coining  value  of  Troy 
ounces  of  fine  metal,  eta,  and  '<  Boundaries  of  the  United  States  and 
of  the  several  States  and  Territories ; "  others,  though  not  directly 
geological,  are  of  great  practical  value  to  all  geologists  working  in 
the  United  States  and  Canada,  as,  for  example,  **  A  Dictionary  of 
Altitudes  in  the  United  States  "  and  "  Elevations  in  the  Dominion  of 
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Canada ;  '*  whilst  others  are  of  interest  to  geologists  generally.  We 
regret  that  space  does  not  permit  us  to  mention  more  than  the  titles 
of  the  Bulletins  of  this  latter  description ;  it  may  suffice  to  state 
that  their  respective  authors  are  all  well- recognized  authorities  on 
the  subjects  of  which  they  write.  The  following  are  on  paliBon to- 
logical  matters :  — "  On  Mesozoic  Fossils,"  by  Dr.  C.  A.  White,  who 
also  contributes  papers  *'  On  the  Mesozoic  and  Cenozoic  Paladontology 
of  California,"  and  "  On  Maiine  Eocene,  Freshwater  Miocene,  and 
other  Fossil  Mollusca  of  Western  North  America."  "  On  the  Fossil 
Faunas  of  the  Upper  Devonian  along  the  Meridian  of  76^  3CK,"  by 
Prof.  H.  S.  Williams.  "  On  the  Cambrian  Faunas  of  North  America/^ 
by  C.  D.  Walcott  "  On  the  Quaternary  and  Kecent  Mollusca  of  the 
Great  Basin,"  by  R.  E.  Call ;  and  **  On  the  higher  Devonian  Faunas 
of  Ontario  County,  New  York,"  by  J.  M.  Clarke. 

The  following  treat  of  petrological  and  mineralogical  subjects  :  — 
"  On  Hypersthene-Andesite  and  on  Triclinic  Pyroxene  in  Augitio 
Rocks,"  by  Whitman  Cross,  with  a  geological  sketch  of  Buffalo 
Peaks,  Colorado,  by  S.  F.  Emmons ;  '*  On  Secondary  Enlargements 
of  Mineral  Fragments  in  certain  Rocks,"  by  R.  D.  Irving  and  C.  R. 
Yanhise;  ''A  Crystallographic  Study  of  the  Thinolite  of  Lake 
Lahontan,"  by  E.  S.  Dana ;  and  *'  On  the  Development  of  Crystal- 
lization, etc.,"  by  Arnold  Hague  and  J.  P.  Iddiugs. 

Besidea  the  above,  Mr.  George  F.  Becker  contributes  *'  Notes  on 
the  Stratigraphy  of  California,"  and  MM.  Jules  Marcou  and  J.  B. 
Marcou,  '<  A  Catalogue  of  Geological  Maps  of  America  (North  and 
South)  1752-1881." 

These  Bulletins,  in  all  cases  where  the  subject-matter  requires 
illustration,  are  furnished  with  well -executed  plates,  in  one  instance 
these  are  beautifully  coloured.  Further,  these  papers  will  not  be  less 
appreciated  on  account  of  the  fact  that  they  are  published  at  such 
moderate  prices  as  to  bring  them  within  the  means  of  all  geologiBts. 

G.  J.  H. 


IL — Mbhotks  of  the  Grolooioal  Survey  of  India.  Paueokto- 
LOOTA  Indioa.  Ser.  X.  Indian  Tiktiary  and  Post-Tertiaky 
Vertebrata,  Vol.  III.  Parts  7  and  8.  Siwalik  Crooodilia, 
Lacertilia  and  Ophidia  ;  and  Tertiary  Fishes.  By  Riohard 
Lyderker,  B.A.,  F.G.S.,  with  ten  plates,  xxviii.-xxxvii.  (Lon- 
don, Triibner  <fe  Co.) 

WE  noticed  the  previous  issue  of  this  important  serial  of  Indian 
Palaeontology  in  August  last  (see  Giol.  Mao.  1885,  Dec.  111. 
Vol.  n.  p.  371).  The  present  part,  which  completes  vol.  iii.,  contains 
the  Crocodilia,  which  occupy  seven  plates,  some  fragmentary  remains 
of  Lacertilia  and  Ophidia,  Sharks,  Siluroid  fishes,  etc. 

The  Crocodilia  comprise  only  two  species  of  true  Crocodile, 
namely,  C,  nvalensis,  Lyd.,  and  C,  palceindicuSf  Fala ;  five  species  are 
referred  to  Geofifroy!s  genus  Qharialis,  namely,  O,  gangetieus,  (?• 
hysudrieua,  0,  curvirostris,  0.  leptodus,  O,  pachyrhynchust  and  a  single 
species  to  a  new  genus,  RhamphosuchuSf  viz.  E.  craaaidena.     Some 
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of  these  old  Gharials  attained  to  enormous  size,  judging  by  the  pro- 
portions of  the  parts  preserved  in  the  Falooner  and  Cautley  Golleo- 
tion  in  the  British  Museum  (Natural  History),  Cromwell  Road,  and 
in  the  Oeological  Survey  Museum,  Calcutta.  Thus,  "  G,  pachyrhyn' 
chits,  from  the  Lower  Siwaliks  of  Sind,  was  between  two  and  a  half 
and  three  times  the  size  of  full-grown  existing  specimens  of  O.  gangs* 
ticus,  which  attains  a  total  length  of  twenty  feet.  If  the  same  pro- 
portions obtained  in  this  fossil  species,  its  total  length  would  have 
been  from  fifty  to  sixty  feet."  (p.  21.) 

A  portion  of  a  humerus  of  a  Varanus  indicates  in  a  similar  manner 
a  lizard  perhaps  twice  the  size  of  the  largest  existing  species  (F. 
sahator),  which,  according  to  Mr.  Theobald,  attains  a  length  of  nearly 
seven  feet ;  so  that  F.  sivalensis,  Falconer,  may  have  been  as  much  as 
from  12  to  14  feet  long. 

This  Memoir  also  makes  us  acquainted  with  a  series  of  ophidian 
vertebras  referred  by  the  author  to  Python,  and  probably  identical 
with  the  Python  molurus,  Linn.  sp. 

Many  of  the  remains  here  described  and  figured  were  collected 
thirty  years  ago  or  more  by  the  late  Sir  Proby  T.  Cautley,  and  a  few 
have  been  described  already  by  Dr.  Hugh  Falconer,  F.RS. 

The  fish-remains  described  embrace  teeth  of  sharks,  referred  to 
Carcharias,  sp. ;  and  Carcharodon,  sp.,  from  the  Siwaliks ;  palatal 
teeth  of  Rays,  Myliobatis,  from  the  Eocene  of  Each;  teeth  of 
Sparida  (Capitodtis) ;  Ophiocepha!tdiB,  cranium  of  Ophiocephalus,  and 
numerous  cranial  plates  of  Silurida,  eta,  very  like,  or  identical  with 
living  Indian  forms.  This  part  also  includes  the  Title-page,  Index, 
and  some  Introductory  Observations  to  complete  Vol.  III.  of  Series 
X.  Some  excellent  figures  of  Mastodon-mole^s  accompany  and 
illustrate  the  Introductory  Chapter,  with  which,  when  bound,  the 
volume  will  commence. 

This  great  work,  carried  out  under  the  able  administration  of  the 
Superintendent  of  the  Geological  Survey  of  India,  Mr.  Henry  B. 
Medlicott,  M.A.,  F.R.S.,  has  of  late  years  been  wholly  prepared  by 
Mr.  Lydekker,  and  printed,  and  illustrated,  in  England,  and  has  thus 
had  the  best  possible  care  and  every  advantage  in  its  production ;  yet, 
nevertheless,  it  is  sold  at  a  lower  price  than  any  similar  publication 
in  Europe  or  America.  We  wish  the  publications  of  the  Indian 
Survey  the  success  they  so  richly  and  honourably  deserve,  and  we 
compliment  Mr.  Lydekker,  the  author  of  the  present  volume,  upon 
the  completion  of  this  section  of  his  very  excellent  Indian  Mono- 
graph. 

It  is  interesting  to  mention,  for  the  information  of  English 
Palaeontologists,  that  a  large  number  of  the  type-specimens  figured 
in  the  volumes  of  the  "  PalaBontologia  Indica  "  are  to  be  seen  in  the 
cases  of  the  Geological  Gallery  of  the  British  Museum  (Natural 
History) ;  so  that  this  magnificent  work  is  in  a  measure  an  illustrated 
and  descriptive  catalogue,  not  only  of  the  Calcutta  Museum,  but  in 
part  also  of  our  own  Indian  collections  at  home. 
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IIL — OATALOOUa  OF  THE  F0S8IL  MaHMALIA  IK  THE  BbITISH  MuSEUM 

(Natxjbal  Histoby),  Cbomwbll  Ho  ad,  S.W.  Pabt  II.*  Con- 
taining THE  OBDEB  Unoulata,  bub-obdeb  Abtiodaotyla.  By 
BiGHABD  Lydbkkeb,  B.A.  8vo.  pp.  i.-xxii.  and  3241,  illus- 
trated by  39  Woodcuts.  (London,  1886,  printed  by  Order  of 
the  Trustees.) 

WITH  praiseworthy  zeal  Mr.  Lydekker  has  finished  another 
volume  of  the  Catalogue  of  Fossil  Mammalia  in  the  Geolo- 
gical Department  of  our  National  Museum ;  indeed  we  are  assured 
a  third  part  is  now  actually  passing  through  the  press  and  will  be 
issued  this  Spring. 

The  present  section  is  a  very  large  one  (nearly  350  pages  in 
extent),  and  is  illustrated  by  thirty-nine  woodcuts.  It  is  confined 
entirely  to  one  sub-order  of  the  Ungulata,  or  hoofed-animals,  the 
Abtiodaotyla,  or  even-toed  Herbivora.  In  this  sub-order  are  in- 
cluded the  Bovida^  Oiraffida,  Cervida,  Camelida,  Tragulida,  the 
Snida,  Fhacocharida,  and  Hippopotamida,  all  of  which  families  have 
living  representative  species;  also  the  families  Dichodontida,  CcenO' 
iheriida,  Anoplotheriida,  Oreodontida^  Merycopotamida,  AnthracO' 
theriid€e,  CJusropotamida,  and  Listriodontida,  all  the  species  of  which 
are  extinct.  The  following  definition  of  the  Artiodactyla  may  be 
acceptable.'  In  this  sub-order  the  premolar  and  molar  teeth  are  not 
alike,  the  former  being  single,  and  the  latter  two-lobed.  The  last 
lower  molar  of  both  the  first  and  second  dentition  is  almost  in- 
variably three-lobed.  The  nasal  bones  are  not  expanded  posteriorly. 
They  have  no  alisphenoid  canal.  The  dorsal  and  lumbar  vertebr» 
together  are  always  nineteen,  though  the  former  may  vary  from 
twelve  to  fifteen.  The  femur  is  without  a  third  trochanter.  The 
third  and  fourth  digits  of  both  feet  are  almost  equally  developed  and 
their  ungual  phalanges  are  flattened  on  their  inner  or  contiguous 
surfaces,  so  that  each  is  not  symmetrical  in  itself ;  but  when  the  two 
are  placed  together,  they  form  a  figure  symmetrically  disposed  to  a 
line  drawn  between  them.  In  other  words,  the  axis  or  median  line 
of  the  whole  foot  is  a  line  drawn  between  the  third  and  fourth  digits, 
while  in  the  Perissodactyles  (uneven-toed  Ungulates)  it  is  a  line 
drawn  down  the  centre  of  the  third  digit.  The  distal  articular  sur- 
face of  the  astragalus  is  divided  into  two  nearly  equal  facets,  one  for 
the  navicular  and  one  for  the  cuboid  bone.  The  calcaneum  has  an 
articular  facet  for  the  lower  end  of  the  fibula. 

The  Artiodactyla  are  naturally  separable  into  two  very  well  marked 
subdivisions,  namely  : — 

A.  The  Selenodonta — including  the  numerous  extinct  genera  and 
also  the  existing  types  of  true  Buminants,  and 

B.  The  BuNODONTA— containing  the  families  of  the  HippopO' 
tamida  and  the  Suida. 

Both  these  divisions  are  very  well  characterized  by  their  dentition, 

^  Part  I.  of  this  Catalogue— containing  the  Orders  Primates,  Cheiroptera,  Indecti- 
Tora,  Camivora,  and  Bodentia — was  noticed  in  the  Geol.  Mao.  1885,  Decade  III. 
Vol.  II.  D.  321. 

^  See  Prof.  Flower's  Article  **  Mammalia,"  Encyclop.  Britannica,  9th.  edit.  vol.  xr. 
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The  Selenodont  (oresoent-shaped)  type  of  dentition  is  doselj  asso- 
ciated with  the  Ruminants  and  evidently  has  a  direct  relation  with 
the  cad-chewing  habit  of  the  Artiodactyle ;  whilst  the  Bunodont  (or 
hill-toothed  type)  are  well  exemplified  in  the  molar  teeth  of  both 
the  pig  and  river-horse,  a  pattern  of  tooth  not  met  with  oat  of  this 
division  save  in  certain  Mastodons  and  in  the  teeth  of  Halitherium. 

With  regard  to  a  large  number  of  extinct  forms,  their  true  affini- 
ties are  of  course  somewhat  conjectural ;  nevertheless  we  may  pretty 
safely  infer  that  they  were  very  near  to,  if  not  actually  to  be  classed 
with  the  Ruminants  proper  (where  the  teeth  are  known).  Mr. 
Lydekker  commences  his  catalogue  with  the  BovidcB,  under  which 
section  are  included  the  Oxen,  Bisons,  Sheep,  Goats,  Antelopes  and 
Giraffes.  Following  Boyd  Dawkins  and  other  authors,  Mr.  Lydekker 
sinks  the  great  Bos  primigenius  into  a  mere  gigantic  ancestor  of  Bos 
tauruSf  and  he  does  the  same  with  the  little  Bos  longifrons. 

The  other  bovine  species  which  remain  are  all  foreign  and  Indian 
forms.  The  Bison  retains  its  distinctness,  and  the  Buffalo  with  its 
various  Indian  species.  Then  follows  the  Musk-sheep,  which  appears 
to  have  two  extinct  Pleistocene  relatives  in  North  America  (probably 
only  local  varieties),  about  which  little  is  known. 

Succeeding  these  are  the  Sheep,  Goats,  Gazelles,  Antelopes,  com- 
pleting the  hollow-homed  ruminants.  Next  after  these  are  placed 
the  GiraffidiB,  with  which  are  included  the  extinct  genera  Sivatherium, 
Bramatherium,  Belladotherium ;  this  last  was  formerly  considered 
as  the  hornless  female  of  Sivatherium^  but  it  is  now  established  as  a 
distinct  genus  by  Gaudry  and  Lartet,  and  also  by  Rutimeyer.  Re- 
mains of  the  true  Giraffe  are  also  found  fossil  in  India  and  elsewhere. 

The  solid- homed  Deer- tribe  follow  next  in  order,  with  ragged 
branching  antlers  of  true  bone  without  a  homy  sheath,  but  covered 
during  their  growth  with  vascular  integument  coated  with  short 
hair.  When  their  growth  is  finished,  the  supply  of  blood  is  cut  off, 
the  skin  dies  and  peels  off,  leaving  the  bone  bare  and  insensible,  and 
after  a  time,  by  a  process  of  absorption  near  the  base,  it  becomes 
detached  from  the  skull  and  is  ''shed,"  an  event  which  occurs 
annually.  After  a  time  a  new  pair  of  homs  are  developed  from  the 
peduncles  or  base  of  the  original  pair.  The  collection  affords  ex- 
amples of  38  species  of  CervidcB — including  the  Roebuck,  Elk,  Rein- 
deer, Gigantic  Irish-deer,  Fallow-deer,  Red-deer,  and  a  long  series 
of  extinct  species,  among  which  Cervus  ietraceros  from  the  Pliocene 
of  France,  and  the  Cervus  giganteus  from  Ireland,  are  the  most  in- 
teresting and  uncommon  forms  of  simple  straight-tined,  and  broadly 
palmate  types. 

The  Camels  offer  no  interest  to  the  palsaontologist,  as  they  appear 
to  have  undergone  scarcely  any  modification  from  existing  species ; 
but  many  of  the  ten  extinct  families  which  follow  date  back  to  the 
Eocene,  such  as  the  Anoplotheriidat  the  Anthracotheriidcs,  the  Cceno- 
theriid<B,  etc. 

K  we  except  the  Anoplotherium,  the  Dorcaiherium  and  some  few 
others,  the  greater  number  of  these  species  are  founded  merely  on 
teeth,  jaws,  etc.,  and  but  seldom  upon  associated  skeleton  remains ; 
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from  what  we  do  know,  however,  concerning  these  earlier  species, 
they  are  seen  to  be  of  the  greatest  interest,  as  offering  forms  inter- 
mediate in  dentition,  by  which  the  ruminants  and  non-ruminants  can 
in  a  measure  be  connected  together,  and  also  the  Perissodactyla  and 
Artiodactyla. 

The  Suida  are  a  very  remarkable  group,  being  connected  by  the 
Chevrotains  with  the  Deer-tribe  (and  possibly  also  with  the  Perisso- 
dactyla and  Proboscidea,  if  not  with  the  Sirenia  also  in  past  times). 

The  principal  sources  whence  these  early  types  of  Mammalia  have 
been  obtained  are  from  the  Eocene  freshwater  beds  of  Hempstead 
in  the  Isle  of  Wight,  the  Headon  beds,  Hordwell,  Hampshire; 
Yaucluse,  Dehruge,  Montmartre,  Cayluz  and  many  other  localities 
in  France;  Hesse-Darmstadt  in  Germany,  Pikermi  in  Greece,  and 
the  Siwalik  Hills,  India. 

Some  of  the  most  ancient  progenitors  of  the  pig-tribe  (Elothertum) 
also  date  back  to  the  Eocene  of  Hempstead  and  the  Lower  Miocene 
of  France.  The  Hyoiherium  is  also  regarded  as  an  ancestral  form 
of  Bus  or  Dieotyles. 

8u8  giganteus  and  Sub  titan,  both  from  the  Tndian  Siwaliks,  were 
amongst  the  very  largest  ancestral  forms  of  the  Pig  family. 

The  Htppopotamida,  of  which  a  short  notice  was  given  in  the 
March  Number  of  the  Gbolooioal  Magazine  (p.  114),  appear  at  a 
less  early  date  than  the  pigs,  but  are  of  extreme  interest.  They  are 
confined  to  the  old  world,  over  which  they  seem  to  have  been  very 
widely  distributed  in  Pliocene  and  Quaternary  times,  but  they  are 
restricted  now  to  the  rivers  and  coasts  of  the  African  continent. 

It  is  hardly  possible  to  over-estimate  the  advantage  derived  by  the 
publication  of  these  Catalogues.  They  are  an  embodiment  of  all  the 
(too-frequently)  unwritten  traditions  concerning  specimens  in  our 
grand  National  Collection,  and  Mr.  William  Davies  has  largely  con- 
tributed, by  his  unostentatious,  but  earnest  labours,  to  bring  the 
remains  of  the  fossil  Mammalia  in  the  Geological  Collection  into 
such  a  state  as  to  enable  them  to  be  catalogued  by  Mr.  Lydekker, 
a  task  too,  in  which,  as  stated  in  the  preface,  he  has  taken  no  small 
share.  It  is  gratifying  to  be  able  to  state  that  this  portion  of  the 
geological  galleries  is  in  a  highly  satisfactory  state,  and  reflects  the 
greatest  credit  on  the  staff  who  have  arranged  it  in  so  admirable 
a  manner. 


IV. — Catalogub  of  the  Pal-«ozoio  Plants  in  the  Department 
OF  Geology  and  Paljbontology,  British  Museum  (Natural 
History).  By  Robert  Kidston,  F.G.S.  8vo.  pp.  viii.  and  288. 
(London,  1886,  printed  by  Order  of  the  Trustees.) 

MR.  ROBERT  KIDSTON  has  been  favourably  known  for  some 
time  past  as  a  diligent  worker  in  fossil  Botany,  and  he  has 
confined  his  attention  mainly  to  the  plant-remains  of  the  Coal- 
formation. 

Having  named  and  catalogued  the  Coal-plants  in  the  Museum  of 
Science  and  Art,  Edinburgh,  and  also  contributed  several  papers  to 
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ficientifio  journals  on  palasobotanioal  subjects,  he  was  entrusted  in 
1883  with  the  task  of  naming  and  cataloguing  the  PalsBOzoic 
plants  in  the  Geological  Department 

The  present  work,  which  was  only  completed  at  the  end  of  1885, 
is  the  result. 

The  plants  catalogued  are  divided  into  Permian,  Carboniferous, 
Devonian,  and  Silurian,  of  which  the  Carboniferous  form  by  far  the 
largest  group. 

The  Pennian  contains  89  species. 

,,    Carboniferous  contains  218       ,, 

,,    Devonian  ,,  38       ,, 

„    Silurian  „  10       „ 

The  total  nnmber  of  recognized  species  represented  in  the  Collection  being  305. 

It  is  probable  that  this  number  might  be  greatly  increased,  and 
that  it  does  not  represent  more  than  a  quarter  of  the  total  number  of 
fossil  plants  described  from  the  Palssozoic  rocks  of  the  whole  world. 

The  method  adopted  by  the  author  has  been  to  give  a  complete 
bibliography  of  each  species  ;  this  has  entailed  an  enormous  amount 
of  labour,  and  largely  serves  to  increase  the  bulk  of  the  present 
catalogue.  Should  a  new  Edition  be  prepared,  we  would  recommend 
the  author  to  eliminate  all  but  the  important  and  essential  references, 
and  so  thereby  to  greatly  reduce  the  number  of  pages,  whilst  largely 
increasing  the  real  usefulness  of  the  work  for  purposes  of  reference. 

Another  feature  of  this  work  consists  in  the  critical  remarks,  often 
extending  to  essays  of  from  one  to  five  pages  in  length,  on  questions 
bearing  upon  the  structure  or  interpretation  put  by  various  authors 
on  the  fossil  plant-remains  recorded  in  the  Catalogue. 

Here  is  an  example  of  one  of  Mr.  Eidston's  dissertations  taken  at 
random  from  the  Catalogue : — 

Lbpidophloios,  Sternberg,  1825. 

Yersach  eines  geognostisch-botanischen  Darstellong  der  Flora  der  Vorwelt,  toL  i. 

fasc.  iT.  p.  13. 
Lepidophloios  laridnus,  Sternberg. 

Lepidtrphloio9  larieinus, 
Boulaj,  Terr.  Houil.  dn  Nord  de  la  France,  p.  38. 

[Here  follow  41  references  to  works  by  various  authors  in  which 
this  genus  is  quoted.     These  we  omit] 
{f)   Uiodendron  tumidum, 
Carmthers,  Monthly  Micro.  Jonm.  p.  164,  pi.  xliii.  figs.  6,  6,  7,  1870. 

Semark9,—Ii  has  been  shown  hj  FeiBtmantel,  in  his  Steinkoblen- Flora  Ton 
Kralup  in  Bohmen/  that  Halonia^  Lmdley  and  Hutton,  is  only  a  fruiting  branch  of 
lbpidophloios  larieinus^  Sternberg,  and  later  the  same  relationship  of  HaUmia  to 
Lepidophloio*  has  been  further  explained  by  Dr.  Macfarlane  (Trans.  Bot.  Soc. 
Edinb.  vol.  ziT.  p.  181,  pis.  yii.  and  yiii.^.  These  figures  alone,  one  would  think, 
were  sufficient  to  place  the  affinities  of  Halonia  outside  the  circle  of  discussion,  but 
notwithstanding  the  conclusive  eyidence  they  afford  on  this  point,  the  view  held  by 
these  writers  has  not  been  universally  accepted.' 

1  Abhandl.  der  k.  Bohm.  Gesellschaft  der  Wissensch.  vi.  Folge,  vol  v.  1871. 
'  Dr.  Macfarlane*s  Lepidophloios  is  not  X.  larieinus^  Sternberg,  but  a  new  species 
for  which  I  propose  the  name  of  Lepidophloios  Seotieus, 
>  See  Benault,  Conn  d.  Bot  Foes.  p.  63,  1882. 
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Mr.  Camithers  has  also  figured  a  specimen  of  Haltmia  attached  to  Lepidophhio*,^ 
which  is  in  the  Collection.  The  conclusion  arrived  at  by  him  was  very  similar  to 
that  mentioned  by  Feistmantel,  that  Balotaa  was  only  a  condition  of  Lrpidophloio$. 
Both  on  the  Halonian-branch  and  the  main  stem  of  this  example  some  of  the 
characteristic  leaf  •scars  of  Lepidophloioa  are  shown.  Those  on  the  Ualonia  portion 
are  normal  in  form  and  point  downwards,  but  on  the  main  stem  from  some  cause, 
perhaps  pressure  or  distortion  during  or  after  mineralization,  the  leaf-scars  are 
arranged  at  right  angles  to  the  direction  they  ordinarily  hold  on  the  stem  ;  hence  the 
two  lateral  aogles  of  the  leaf-scar  lie  parallel  to  the  direction  of  growth,  and  the  scar 
of  the  vascular  bundle  so  twisted  round,  occupies  one  of  the  lateral  angles. 

In  his  last  memoir  on  the  **  Organization  of  Fossil  Plants  of  the  CgmU  Measures,*'  * 
Dr.  Williamson  gives  a  figure  (pf.  xxxiv.)  of  Halmia  attached  to  a  Lycopodiaceous 
stem.  He  says,' **  In  my  second  memoir  (PhiL  Trans.  1872,  p.  222),  read  in  June, 
1871,  I  said,  *  I  have  httie  doubt  but  that  HaUmia  was  a  fruiting  branch  of  a 
Lepidodendton ; '  and  in  a  note  added  in  April,  1872.  I  affirmed  ab$oluielyy  *  First,  that 
Halonia  belongs  to  the  upper  branches  of  a  Lepidodendroid  tree,  consequently  it 
cannot  be  a  root ;  *  *  seconaly,  we  learn  that  Halonia  is  a  specialized  branch  of  a 
Lepidodendroid  tree  that  is  not  itself  a  Ual<m%ay*  .  .  .  **The  specimen  now 
described  is  imquestionably  not  a  Lomatophioio$,  but  a  true  Leptdodmdron."  In 
describing  his  specimen,  he  says  further  (p.  468),  that  at  the  lower  portion  of  the 
branch  the  leaf-scars  have  exactly  the  same  form  as  those  of  L,  ulaQtnoides  and  X. 
eUgansy  Idndlej  and  Button.  I  have  already  mentioned  that  the  leaf-scars  on  the 
specimen  descnbed  by  Mr.  Camithers  are  so  turned  round  on  the  stem  that  instead  of 
their  greater  diameter  being  transverse  to  the  stem,  as  is  normally  the  case  in 
LepidophloiMy  it  is  vertical.  Dr.  Williamson's  figure  does  not  show  clearly  the  form 
of  the  scars  further  than  that  the  vertical  diameter  of  those  on  the  lower  part  of  the 
stem  seems  greater  than  their  transverse  breadth.  The  leaf-scars  towards  the  upper 
portions  of  the  specimen  are  rhomboidal.  I  am  inclined  to  think  there  is  here  a  case 
of  distorted  leaf-scars  on  the  lower  part  of  the  fossil,  similar  to  that  occurring  in 
Hr.  Carruthers*  specinien,  where,  notwithstanding  this  peculiarity,  the  fossil  is 
clearly  identifiable  as  Leptdophtoio$  lariemus. 

With  such  an  imperfectiy  preserved  example  as  Dr.  Williamson's  appears  to  be, 
any  conclusion  derived  from  it  is  of  doubtful  value,  and  though  from  an  examination 
of  his  plate  one  cannot  affirm  his  fossil  is  a  Lepidophloios,  equally  one  cannot  say  it 
is  a  Lepidodendron. 

The  figures  given  by  Feistmantel  and  Dr.  Macfarlane  are  conclusively  affirmative 
that  at  least  some  Halonia  specimens  belong  to  Zepidtphloiot,  whereas  we  have  no 
example  which  shows  in  an  undoubted  manner  that  any  Halonia  fossil  can  be  referred 
to  Lepidodendron.  My  own  opinion  is  that  Halonia  is  exclusively  related  to  Lepido- 
phloioa as  its  fruiting  branch.  Of  course,  those  authors  who  place  Lepidophloioa 
Ittricinuat  Sternberg,  in  Lepidodendron,  may  consistendy  say  that  Halonia  is  the  fruit- 
ing branch  of  Lepuiodendronj  but  I  am  not  aware  that  any  recent  writer  has  followed 
this  classification. 

Lepidophloioa  and  Lepidodendron  I  regard  as  essentially  distinct  genera.  Lomato- 
phloioa  IB  now  united  with  Lepidophloioa^  hence  I  understand  Dr.  Williamson's  state- 
ment that  **  The  specimen  now  described  is  unquestionably  not  a  Lomat^phloioay  but 
a  tme  Lepidodendron  "  which  is  equivalent  to  saying  that  it  is  not  sl  Lepidophloioa,  but 
a  Lepidodendron, 

Sigillaria  Menardi,  Goldenberg  (Flora  Saraep.  Foss.  pi.  vii  fig.  1),  ai>pears  to  be 
referable  to  X.  laridnua.  The  central  point  of  the  leaf -scars  of  this  figure  is 
probably  the  tubercle  with  which  the  leaf-supporting  pedicels  of  this  plant  are 
nequently  provided,  as  pointed  out  by  Weiss.  U.  tumidum,  Carr.,  the  type  of 
which  is  in  the  Collection,  is,  I  think,  also  referable  to  X.  laricinua.  The  leaf -scars 
are  not  well  preserved  on  his  type,  but  it  probably  finds  its  place  here.  It  is  not,  at 
any  rate,  a  Ulodendron  as  define  by  Lindley  and  Button,  for  it  shows  more  than  two 
rows  of  the  larger  scars  on  the  circumference  of  the  stem,  a  third  row  appearing  on 
the  side  not  shown  in  Mr.  Camithers'  figure. 

Halonia  tuberetUaia,  Eichwald  (Lethsea  Bosaica,  vol.  i.  p.  148,  pi.  xi.),  is  another 
instructive  example  as  illustrating  the  affinities  of  Halonia,  The  core  out  of  this 
specimen  is  a  typical  Halonia,  the  impression  Lepidophloioa.    In  such  examples  as 

1  Gbol.  Mao.  Vol.  X.  April,  1873.  »  PhiL  Trans.  1883,  clxxiv.  p.  459.  »Lc.p.469, 
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these  a  layer  of  cortical  tissue  from  between  the  core  and  the  impression  has  eyidenily 
been  removed  by  decay,  after  the  cortical  cylinder  had  been  filled  with  sediment  and 
the  impression  of  the  outer  surface  of  the  bark  had  been  imparted  to  the  surrounding 
matrix.  An  example  in  the  Collection  shows  the  same  conditions — a  removable 
Baionia  core  from  a  Lepidophloios  impression. 

The  plant  figured  as  Knot-ria  Sellonii,  by  Lindley  and  Hutton  (Fossil  Flora,  toI. 
u.  pi  xcvii.),  appears  to  be  a  compressed  specimen  of  Lepidopkloio;  I  have 
examined  this  type  in  the  **  Hutton  Collection,'  of  which  their  plate  does  not  give  a 
Terr  correct  idea. 

I  am  unable  to  discover  from  what  evidence  Renault  has  restored  his  L$pidophloiot, 
as  represented  in  his  Cours  d.  Botan.  Foss.  1882,  pi.  xi.  fig.  1.  It  appears  to 
possess  the  large  scars  of  one  genus  and  the  leaf-scars  of  another. 

Horizon. — Coal  Measures. 

Loealitiet, — Britith,     Staffordshire:  Ipstones. 

Foreign,    Bohemia  :  Kadmtz.     Silesia :  Waldenbuig. 

Space  precludes  our  giving  a  fuller  notice  of  this  Catalogue.  An 
index  and  list  of  works  quoted  completes  the  book. 

Mr.  Eidston  has  visited  numerous  localities  in  search  of  species, 
and  has  added  by  his  exertions  nearly  250  specimens  to  the 
collection ;  it  is  hoped  that  other  gaps  which  at  present  exist  will 
ere  long  be  filled  by  further  donations. 
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Geoloqioal  Society  op  London. 

I. — Annual  Qknebal  Meeting,  February  19,  1886. — Prof.  T.  G. 
Bonney,  D.Sc.,  F.R.S.,  President,  in  the  Chair. 

The  Secretary  read  the  Reports  of  the  Council  and  of  the  Library 
and  Museum  Committee  for  the  year  1885.  In  the  former  the 
Council  stated  that  they  had  the  pleasure  of  congratulating  the 
Society  upon  an  improvement  in  the  state  of  its  affairs,  both  from 
a  financial  point  of  view  and  on  account  of  an  increase  in  the 
number  of  Fellows.  The  number  of  Fellows  elected  during  the  year 
was  54,  and  the  total  accession  amounted  to  51 ;  while  the  losses  by 
death,  resignation,  etc.,  amounted  to  46,  making  an  increase  of  ^VQ  in 
the  number  of  Fellows.  The  number  of  contributing  Fellows  was 
increased  by  15.  The  Balance-sheet  showed  an  excess  of  Income 
over  Expenditure  during  the  year  of  £347  188.  2d.  The  Councirs 
Report  further  announced  the  awards  of  the  various  Medals  and  of 
the  Proceeds  of  the  Donation  Funds  in  the  gift  of  the  Society. 

In  handing  the  Wollaston  Gold  Medal  to  Mr.  Warington  W.  Smyth, 
F.R.S.,  for  transmission  to  Prof.  A.  L.  0.  Des  Cloizeaux,  the  President 
addressed  him  as  follows : — 

Mr.  "Warington  Smyth, — In  the  absence,  which  we  much  regret,  of  Prof.  Des 
Cloizeaux,  I  must  request  you  to  transmit  to  him  this  Medal. 

Geology  is  the  child  of  two  parents,  — Mineralogy  and  Biology.  If  we  look  to  the 
latter  to  bid  the  dry  bones  and  buried  relics  of  organisms  once  more  Uve,  we  appeal 
to  the  former  to  disclose  the  nature  and  constitution  of  the  earth's  framework  whereon 
they  flourished.  It  is  therefore  only  just  that  our  Society  should  seek  opportunities  of 
acknowledging  the  aid  which  we  receive  from  mineralogists ;  and  it  would  be  difficult 
to  find  one  ou  whom  this  Wollaston  Medal  could  be  more  fitly  conferred  than  on 
Prof.  Des  Cloizeaux.  To  enumerate  the  papers  which  he  has  written  would  be  a 
formidable  task;  they  numbered  141,  so  long  as  fourteen  years  ago;  what,  then, 
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must  be  the  present  total  ?  I  may,  however,  point,  in  passing,  to  his  admirable 
"  Manual  de  Min^ralogie,"  and  allude,  as  more  directly  bearing  on  the  work  of  this 
S«iciety,  to  his  papers  on  the  classification  of  h]rperites  and  euphotides,  on  the  geysers 
of  Iceland,  on  the  action  of  heat  upon  the  position  of  the  optic  axes  in  a  mineral, 
and  the  numerous  memoirs  on  the  distinction  of  minerals  by  their  optical  properties, 
especially  those  relating  to  microcline,  and  to  other  species  of  felspar,  of  the  importance 
of  which  students  of  microscopic  petrolo^  are  daily  more  sensible.  I  esteem  it  a 
great  honour  to  be  the  means  of  carrying  mto  effect  the  award  of  the  Council  by 
placing  in  your  hands,  to  be  transmitted  to  Prof.  Des  Cloizeaux,  the  Wollaston 
Medal,  founded  **to  promote  researches  concerning  the  mineral  structure  of  the 
earth." 

Mr.  Wakinoton  W.  Smyth,  in  reply,  said:— Mr.  President, — It  is.  Sir,  with 
more  than  ordinary  satisfaction  that  I  am  privOeged  to  receive  for,  and  to  transmit  to, 
Prof.  Des  Cloizeaux  the  Medal  founded  by  Dr.  Wollaston.  No  one  can  fail  to  ap- 
preciate the  appropriateness  of  this  award  when  we  consider  the  researches  into  the 
physical  characters  of  minerals  which  have  contributed  so  much  to  the  petrolog^cal 
oranch  of  our  science,  in  which  you.  Sir.  have  taken  so  prominent  a  part.  But  it  is 
more  especially  in  the  wide  and  successful  application  of  WoUaston^s  invention  of 
the  Keflection  Goniometer  that  Des  Cloiseaux  has  attained  so  deserved  an  eminence, 
following  closely  upon  the  steps  of  Prof.  Miller,  to  whom,  in  his  admiral  manual,  he 
lays  so  mgh  a  comjwiment.  Tne  Society  will  regret  to  learn  that  Prof.  Dee  Cloiiseaux 
as  been  preventeo  by  domestic  anxieties  from  l^ing  present  to-day. 

The  President  then  presented  the  Balance  of  the  Proceeds  of  the 
Wollaston  Donation  Fund  to  Mr.  J.  Starkie  Gardner,  F.G.S.,  and 
addressed  him  as  follows : — 

Mr.  Starkie  Gardner, — The  small  number  of  students  and  the  paucity  of  memoirs 
seems  to  indicate  that  fossil  botany  is  one  of  those  subjects  of  which  the  difficulties 
repel  rather  than  fascinate  the  neophyte.  If  perhaps  these  are  in  some  respects  less 
formidable  in  the  plant-remains  of  the  earlier  Tertiary  period,  if,  in  studying  them, 
recent  throws  some  light  on  fossil  botany,  yet  the  practical  difficulties  of  obtaining, 
developing  and  preserving  specimens  are  so  great  that  no  little  ardour  and  patience 
are  demanded  from  one  who  devotes  himself  to  the  subject.  For  years  this  has  been 
your  special  work  :  after  thoroughly  exploring  the  flora  of  the  Eocene  Tertiaries  on 
the  coast  of  Hampshire  and  in  the  Isle  of  Wight,  you  are  now,  and  have  for  some 
time  been,  engaged  in  commanicating  to  us  the  fruits  of  your  laboura  through  the 
medium  of  the  Palseontographical  Society,  thereby  earning  the  thanks  of  students. 
Tour  researches  also  of  late  years  have  oeen  extended  to  Antrim,  Mull,  and  even 
Iceland,  and  their  results  cannot  fail  to  be  of  the  highest  interest  in  regard  to  the 
age  of  these  floras,  and  their  relation  to  those  which  occur  in  the  Hampshire  district. 
In  recognition  of  past  and  in  aid  of  future  work,  the  Coimcil  has  awarded  to  you  the 
balance  of  the  Wollaston  Fund,  which  I  have  much  pleasure  in  handing  to  you. 

Mr.  Gabdnsb,  in  reply,  said : — Mr.  President, — ^1  beg  to  return  my  thanks  for 
the  honour  the  Council  have  done  me  in  placing  the  balance  of  this  fund  at  my 
disposal.  The  amount  of  leisure  I  am  able  to  command  has  not  permitted  me  to 
contribute  towards  the  advancement  of  geology  in  this  country  in  anything  like  the 
same  proportion  as  my  professional  brethren ;  but  I  think  1  may  fairly  claim  to 
yield  to  none  in  my  devotion  to  its  pursuit.  The  subject  I  somewhat  unfortunately 
monopolize  is  one  of  such  magnitude  that,  at  the  best,  very  many  years  of  such  work 
as  1  am  able  to  devote  to  it  must  elapse  before  even  a  first  general  impression  of  the 
composition  of  our  Eocene  flora  can  be  published.  I  am,  however,  so  deeply  im- 
pressed with  the  importance  of  the  study  that  I  am  prepared  to  sacrifice  much  in 
order  that  the  time  required  may  not  be  unduly  prolonged.  I  am  convinced  that  in 
addition  to  the  ordinaiy  botanical,  palseontological,  and  evolutionary  interest  attach- 
ing to  it,  it  will  be  found  to  present  the  solution  of  many  problems  as  to  the  former 
reUtive  positions  of  land  and  sea  and  the  climatic  changes  accompanying  their  suc- 
cessive redistribution.  I  need  hardly  add  that  I  regard  the  award  made  me  this  day 
as  a  direct  encouragement  to  persevere  in  the  line  of  research  I  have  chosen. 

The  President  next  presented  the  Murchison  Medal  to  Mr.  William 
"Whitaker,  B.A.,  F.G.S.,  and  addressed  him  as  follows : — 

Mr.  William  Whitaker, — To  many  members  of  the  Geological  Survey  of  Great 
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Britain  since  the  date  of  its  constitution  we  are  indebted  for  work  freely  done — 
beyond  the  snhere  of  their  more  strictly  professional  duties.  Its  chiefs,  from  the 
da^s  of  Sir  H.  De  la  Beche  to  the  present  distinguished  Director-General,  Dr.  A. 
Geikie,  have  been  among  the  most  valued  contributors  to  our  Journal,  and  have  en- 
riched geological  literature  by  their  longer  writings ;  while  among  its  other  members, 
few  have  done  more  than  yourself  in  fdlowing  the  example  of  its  leaders.  On  the 
present  occasion  I  will  only  allude  to  the  various  Memoirs  of  the  Geological  Survey, 
especially  that  on  the  London  Basin,  in  which  you  have  taken  so  large  and  im- 
portant a  share,  and  will  dwell  rather  on  your  contributions  to  our  own  Journal  and 
to  other  publications.  Tour  papers  on  the  western  end  of  the  London  Basin,  and  on 
the  Lower  London  Tertiaries  of  Kent,  deserve  to  be  ranked  with  the  classic  memoirs 
of  Prestwich  as  elucidating  the  geology  of  what  I  may  call  the  Home  District ;  and 
your  last  contribution  to  its  deep-seated  geology  is  still  too  fresh  in  our  memories  to 
need  more  than  a  mention.  We  do  not  forget  your  varied  and  valuable  contributions 
to  the  Gbolooical  Maoazikb,  especiallv  those  on  the  Red  Chalk  of  Norfolk,  on 
the  Water-supply  from  the  Chalk,  on  the  formation  of  the  Chesil  Bank  (written 
jointiy  with  Mr.  Bristow),  a  paper,  as  it  seems  to  me,  of  remarkable  suggestiveness, 
and  last,  but  by  no  means  least,  *'  On  Subaerial  Denudation/*  in  which,  as  remarked 
by  the  late  Mr.  0.  Darwin,  you  had  '*the  good  fortune  to  bring  conviction  to  the 
minds  '*  of  your  fellow- workers  by  means  of  **  a  single  memoir.*' 

We  are  also  Kreatiy  indebted  to  you  for  your  labours  in  reference  to  the  history  of 
the  literature  of  geology,  a  task  involving  not  a  littie  labour,  which,  though  of  the 
greatest  value  to  students,  is  to  all  unremunerative  and  would  be,  to  many,  exception- 
ally toilsome.  Of  this,  your  care  for  several  years  of  the  Geological  Record,  and  the 
lists  of  books  and  memoirs  relating  to  the  geology  of  various  counties  in  England, 
are  conspicuous  instances. 

There  is  a  peculiar  appropriateness  in  the  award  to  you  of  this  Medal,  founded  by 
Sir  Roderick  Murchison,  one  of  the  illustrious  chiefs  ot  your  Survey,  and  I  have  the 
greatest  pleasure,  on  behalf  the  Council  of  the  Geological  Society,  in  placing  it  in 
your  hands  together  with  the  customary  grant  from  the  Fund. 

Mr.  Whitakek,  in  reply,  said  that  to  workers  in  science  the  best  reward  was  the 
appreciation  of  their  feUow -workers,  and  of  this  he  had  on  various  occasions  received 
testimonies ;  but  the  award  of  this  Medal  was  the  crowning  one,  knowing,  as  he  well 
did,  the  care  with  which  such  awards  were  made.  He  expressed  his  interest  in  the 
Geological  Survey,  to  which  he  had  for  so  many  years  belonged,  and  in  the  important 
work  done  by  his  colleagues  in  that  Survey.  He  had  a  particular  pleasure  in  re- 
ceiving this  award  from  the  hand  of  an  old  friend  like  the  President,  whom  he 
thanked  most  heartily  for  the  very  kind  and  flattering  terms  employed  by  him  in 
presenting  the  Medal.  He  also  thanked  the  Fellows  of  the  Society  present  for  the 
cordial  manner  in  which  they  had  received  the  announcement  of  the  award. 

In  presenting  the  Balance  of  the  Proceeds  of  the  Murchison 
Geological  Fund  to  Mr.  Clement  Reid,  F.G.S.,  the  President  said : — 

Mr.  Clement  Reid, — The  later  Pliocene  and  the  Pleistocene  deposits  of  East  Anglia 
offer  to  geologists  a  series  of  problems  as  difficult  as  they  are  attractive.  We  are 
indebted  to  you  for  much  valuable  information  on  the  exact  distribution  and  the  fossil 
contents  of  these  varied  deposits,  which  owing  to  peculiar  local  circumstances  often 
present  exceptional  difficulties,  and  demand  exceptionally  patient  study  on  the  part  of 
the  investigators.  Tour  memoir  on  the  Forest  Bed  of  Norfolk  is  a  contribution  of 
especial  value  to  students  as  affording  them  fuller  and  more  precise  information  than 
could  previously  be  obtained,  while  tne  pages  of  our  Journal  and  of  the  Geological 
Magazine  testify  to  the  zeal  and  thoroughness  with  which  you  have  applied  yourself 
to  these  and  kindred  questions.  In  conferring  upon  you  this  awfurd  from  the 
Murchison  Fund,  which  1  have  great  pleasure  in  placing  in  your  hands,  the  Council 
of  the. Geological  Society  hopes  that  it  may  aid  you  in  prosecuting  your  studies  in 
this  department  of  geology  and  extending  them  t-o  localities  which  could  not  be 
visited  oy  you  in  the  di^harge  of  your  professional  duties  as  a  Member  of  the 
Geological  Survey  of  Great  Britain. 

Mr.  ClbhentKbid,  in  reply,  said: — Mr.  President,— I  have  sometimes  felt  dis- 
couraged at  the  small  results  of  my  work.  But  this  welcome  and  unexpected  award 
by  the  Council  of  the  Geological  Society  is  a  recognition  that  the  work  is  not  con- 
sidered altogether  worthless,  and  will  encourage  me  still  to  persevere.  Though  a 
large  portion  of  my  observations  have  been  made  in  the  course  of  the  Geological 
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Surrey,  I  haTe  also  doToted  my  leisure  time  to  the  study  of  yarious  questions  in 
Pleistocene  and  Pliocene  Natural  History.  This  award  of  the  Murchison  Fund  will 
now  enable  me  to  undertake  a  more  thorough  examination  of  many  of  the  less-known 
deposits. 

The  President  next  presented  the  Lyell  Medal  to  Mr.  William 
Pengelly,  F.E.S.,  F.G.S.,  and  addressed  him  as  follows  : — 

Mr.  Pengelly, — The  Council  of  the  Geological  Society  has  awarded  you  the  Lyell 
Medal  and  a  sum  of  twenty  guineas  from  the  Fund  in  recognition  of  your  lifelong 
labours  in  the  cause  of  geology,  and  more  especially  of  your  inyestigations  in  those 
caverns  of  the  south-west  of  England  by  means  of  which  our  knowledge  of  the  con- 
dition of  Britain  during  the  latest  epoch  of  geological  history  has  been  so  largely 
augmented.  To  exhume  the  contents  of  a  cavern,  not  only  the  lair  of  wild  beasts, 
but  also  an  abode  of  men  in  those  ages  when,  to  quote  the  words  of  the  old  Greek 
tragedian, 

**  Like  tiny  ants  they  dwelt  in  sunless  caves,'' ' 
requires  the  exercise  of  unwearied  patience  and,  in  addition,  of  extensive  knowledge 
and  critical  acimien.  By  the  labours  of  the  Committee,  of  which  you  were  the  hanos 
and  the  eyes,  and  at  least  a  fair  proportion  of  the  compound  brain,  Mr.  MacEnery's 
long-neglected  discovery  in  Kent's  Hole  was  placed  beyond  all  dispute,  and  the  con- 
tents of  that  cavern,  its  succession  of  deposits,  its  relics  of  extinct  animals,  and  its 
tools  of  stone  and  bone,  denoting  more  than  one  stage  of  civilization,  have  been  made 
known  to  the  world. 

In  like  way  the  vii^in  ground  of  the  Brixham  cave  was  investigated,  and  its 
valuable  contents  have  been  rendered  accessible  to  students.  All  this  you  have  done, 
not  as  the  fruit  of  secured  leisure,  but  in  the  intervals  of  a  busy  life,  of  which,  in  the 
full  sense  of  the  words,  time  was  money ;  and  you  bepm  this  work  at  a  period  when, 
owing  to  mistaken  prejudices,  you  incurred  no  small  nsk  of  obloquy  and  personal  loss. 
Your  work  at  Bovey  Tracey  and  your  papers  on  the  later  geology  of  Devonshire  and 
Cornwall  are  too  well  known  to  need  more  than  a  passing  allusion ;  the  Torquay 
Museum  and  the  Transactions  of  the  local  societies  will  be  a  lasting  monument  of 
your  zeal  in  stimulating  scientific  researches  in  the  neighbourhood  of  your  home. 
There  is  a  peculiar  fitness  in  the  award  to  you  of  this  Medal,  a  memorial  of  the  fearless 
and  illustrious  author  of  the  '*  Principles  ot  Geology  "  and  of  the  "  Antiquity  of  Man." 
I  esteem  myself  exceptionally  fortunate  in  being  commissioned  to  place  it  in  your  hands, 
and  being  thus  enabled  to  testify  my  r^^  for  so  valued  and  g^iial  a  friend. 

Mr.  Penoelly,  in  reply,  said  that  he  could  not  conceal  from  himself,  and  did  not 
wish  to  conc^  from  the  Fellows,  the  gratification  that  he  felt  at  receiving  this  award. 
He  had  studied  Geology  for  some  fifty  years,  although  he  had  appeared  put  little  in 
the  rooms  of  the  Geological  Society,  his  publications  on  geological  subjects  having 
been  chiefly  contributed  to  those  local  Societies  in  whose  neighbourhood  his  researches 
had  been  carried  on.  His  gratification  at  this  award  compensated  for  much  obloquy, 
especially  as  it  bore  the  name  of  an  old  and  loved  friend  with  whom  he  had  worked 
much  and  often.  No  doubt  the  founder  of  the  Medal  intended  that  its  award  should 
serve  not  only  as  a  reward  for  work  done,  but  as  a  stimulant  to  further  exertion.  It  came 
to  him  so  late  in  the  day,  however,  that  he  could  hardly  hope  to  do  very  much  more  ; 
but  although  he  himself  might  not  be  urged  by  it  to  renewed  efforts,  the  stimulus 
might  act  vicariously,  as  the  knowledge  that  he  had  received  this  recognition  of  such 
services  as  he  had  rendered  to  science  would  doubtless  get  spread  abroad  in  Devon- 
shire, and  would  probably  serve  as  an  incitement  to  many  local  workers  to  persevere 
in  their  studies. 

In  handing  the  Balance  of  the  Proceeds  of  the  Lyell  Donation 
Fund  to  Dr.  Henry  Woodward,  F.R.S.,  F.G.S.,  for  transmission  to 
Mr.  D.  Mackintosh,  F.G.S.,  the  President  addressed  him  as  follows  : — 

Dr.  Woodward, — I  have  much  pleasure  in  placing  in  your  hands,  as  representing 
Mr.  Mackintosh,  the  balance  of  the  Lyell  Donation  Fund  awarded  to  him  by  the 
Council  of  the  Geological  Society.  In  him  we  have  a  second  instance  of  the  way  in 
which,  through  an  untiring  zeal  for  science,  tbe  rare  intervals  of  a  hard- worked  life 

1  ^schylus,  Prom.  Vinct.  491. 
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may  bear  fruit  bo  largely  augmenting  the  common  stock  of  geological  knowledge. 
There  are  few  problems  more  interesting  than  that  of  the  physical  condition  of  our 
native  land  during  the  period  commonij  designated  the  Glacial  Epoch ;  but  for  its 
solution  an  exact  knowledge  of  the  distribution  of  erratics  and  an  identification 
of  their  points  of  departure  is  absolutely  necessary.  I'hose  who,  like  myself,  have 
attempted  to  adjust  the  rival  claims  of  glacier  and  floe,  of  the  ice-chariot  vettt*  the 
ice-ship,  as  Yehiclee  of  boulder-transport,  can  hardly  speak  too  highly  of  the  value 
of  the  papers  on  British  erratics  which  he  has  contributed  to  our  Journal  and  to 
other  publications.  I  trust  that  this  award  may  not  only  be  gratifying  to  him  as  a 
mark  of  our  appreciation,  but  also  help  him  in  continuing  his  labours  in  a  field  where, 
notwithstanding  them,  much  still  remains  to  be  done. 

Br.  WooDWARU,  in  reply,  said  : — Mr.  President, — The  intelligence  of  the  decision 
of  the  Council  has  had  a  most  cheering  effect  on  Mr.  Mackintosh,  and  will  brighten 
the  remaining  years  he  may  have  left  to  him.  It  is  well  known  to  Fellows  of  this 
Society  what  has  been  the  nature  of  Mr.  Mackinto8h*s  work,  and  what  good  and 
careful  observations  he  has  made,  extending  over  long  years  of  wandering  up  and 
down  through  England  and  Wales,  and  carefully  obserying  whereyer  he  went.  I 
cannot  do  better  tlmn  read  the  following  letter  from  Mr.  Mackintosh,  which,  indeed, 
is  addressed  to  yourself.  He  says:— ** In  thanking  you  for  the  honour  conferred 
upon  me  by  the  Award  of  the  Lyell  Donation  Funa,  I  may  mention  the  fact  that 
25  years  ago  I  was  elected  a  Fellow  of  this  Society,  and  that  Sir  Charles  Lyell  was 
one  of  those  who  signed  my  certificate.  I  am  now  seventy  years  of  age ;  this  is  the 
second  occasion  that  my  work  has  been  so  much  honoured,  for  I  am  proud  to  be  able 
to  state  that  I  was  presented  with  the  Kingsley  Medal  of  the  Chester  Society  of 
Natural  Science  iu  1881.'' 

The  President  them  handed  the  Award  from  the  Barlow- Jameson 
Fund  to  Dr.  W.  T.  Blanford,  F.R.S.,  for  transmission  to  Dr.  H.  J. 
Johnston-Lavis,  F.O.S.,  and  addressed  him  as  follows : — 

Dr.  Blanford, — I  will  ask  you  to  transmit  this  Award  to  Mr.  Johnston-Lavis. 
In  this  country  happily  the  volcanic  fires  have  long  ceased  to  glow,  and  the  earthquake 
seldom  causes  more  than  a  transient  tremor.  It  is  otherwise  on  the  shores  of  the 
Bay  of  Naples,  where  again  and  again  during  the  last  eighteen  centuries  Vesuvius 
has  rained  down  ruin :  and  of  late  years  the  earthquakes  of  Ischia  have  wrought 
destruction  on  the  works,  and  desolation  in  the  homes,  of  men.  It  is  true  that  these 
phenomena  of  the  darker  side  of  nature  have  not  been  unobserved  by  the  many  illus- 
trious men  of  science  to  whom  Italy  has  given  birth  ;  but  **  the  curse  of  Babel"  baa 
debarred  some  of  us  from  access  to  their  works.  This  alone  gives  'an  exceptional 
value  to  the  elaborate  studies  which  Mr.  Johnston-Lavis  has  undertaken  of  the  various 
eruptive-products  of  Vesuvius,  and  of  the  Ischian  earthquakes.  There  is  yet  another 
advantage,  that  natural  phenomena  should  be  studied  by  men  of  different  nations, 
diverse  training,  and  vaned  habits  of  mind.  In  recognition  of  his  past  labours  and 
in  furtherance  of  future  work  in  the  vicinity  of  Naples,  the  Council  has  awarded  to 
him  a  grant  from  the  Barlow- Jameson  Fund,  which  I  have  much  pleasure  in  placing 
in  your  hands. 

Dr.  Blanford,  in  reply,  said  that  the  best  mode  of  replying  to  the  kind  remarks 
made  by  the  President  would  be  to  read  a  letter  which  ne  had  received  from  Dr. 
Johnston-Lavis.    That  gentleman  said : — 

*'  It  was  with  a  consi(ferable  amount  of  astonishment  and  pleasure  that  I  received 
your  letter  announcing  the  Grant  from  the  Barlow- Jameson  Fund,  since  the  news 
was  so  perfectly  unexpected.  The  honour  thus  paid  me  for  my  attempts  to  clear  up 
some  questions  in  vulcanology  and  seismology  will  stimulate  me  to  further  follow  that 
line  of  investigation,  with  the  hope  of  adding  something  more  to  our  knowledge  of 
those  subjects. 

*^  My  professional  work  at  this  season  prevents  me  from  having  the  great  pleasure 
of  being  present  in  person  to  receive  this  mark  of  esteem  from  the  nands  of  our 
President.  Will  you  kindly  express  my  deep  gratitude  to  the  Society  for  so 
generously  conferring  such  an  honour  upon  me.'* 

The  President  then  read  his  Anniversary  Address,  in  which,  after 
giving  obituary  notices  of  some  of  the  Members  lost  by  the  Society 
during  the  year  1885,  he  referred  to  the  principal  contributions  to 
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geological  knowledge  which  have  been  made  during  the  past  year, 
both  in  the  publications  of  the  Society  and  elsewhere  in  Britain. 
The  remainder  of  the  address  was  devoted  to  a  discussion  of  the 
principles  of  nomenclature  which  should  be  followed  in  regard  to 
the  metamorphio  rocks.  After  describing  the  nature  and  relations 
of  the  various  metamorphio  rocks  in  certain  parts  of  the  Alps, 
Canada,  Scotland,  etc.,  the  effects  of  the  intrusion  of  igneous  rocks, 
and  the  results  of  pressure  in  producing  changes,  both  mechanical 
and  chemical,  upon  rocks  originally  crystalline,  he  pointed  out  that 
these  last  could  generally  be  distinguished  from  anterior  foliation, 
otherwise  produced ;  that  many  rocks  in  the  metamorphio  series 
appear  to  have  originated  in  stratified  deposits,  but  that  the  evidence 
at  present  in  our  possession  pointed  to  the  very  great  antiquity  of  all 
these,  and  to  the  probability  of  their  having  been  produced  under 
conditions  which  have  not  recurred  since  the  beginning  of  the 
Paleeozoic  period. 

The  ballot  for  the  Council  and  Officers  was  taken,  and  the  following  were  duly 
elected  for  the  ensuing  year : — President :  Prof.  J.  W.  Judd,  F.R.8.  Viee-Fre^ 
tidtntt:  H.  Bauerman,  Esq.;  John  Evans,  D.C.L.,  LUD.,  F.R.S.;  A.  Geikie, 
I.L.D.,  F.R.S. ;  and  J.  A.  Phillips,  Esq.,  F.R.S.  Secretariet:  W.  T.  Blanford, 
LL.D.,  F.R.S. ;  and  W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S.  Foreiffn  Secretary: 
Warington  W.  Smyth,  Esq  ,  M.A.,  F.R.S.  Treasurer  i  Prof.  T.  Wiltshire,  M.A., 
F.L.8.  Council  I  H.  Bauerman,  iiq. ;  W.  T.  Blanford,  LL.D.,  F.R.S.  ;  Prof.  T. 
G.  Bonney,  D.Sc.,  LL.D.,  F.R.S. ;  Thomas  Davies,  Esq. ;  Prof.  P.  Martin  Duncan, 
M.B.,  F.R.S. ;  John  Evans,  D.C.L.,  LL.D.,  F.R.8. ;  A.  Geikie,  LL.D.,  F.R.S. ; 
Henry  Hicks,  M.D.,  F.R.S. ;  G.  J.  Hmde,  Ph.D. ;  J.  Hopkinson,  Esq. ;  W.  H. 
Hudleston,  Esq.,  M.A.,  F  R.S. ;  Prof.  T.  M*Kenny  Hughes,  M.A.  ;  Prof.  T. 
Rupert  Jones,  F.R.S. ;  Prof.  J.  W.  Judd,  F.R.S. ;  R.  Lydekker,  Esq.,  B.A. ;  J.  E. 
Marr.  Esq.,  M.A. ;  J.  A.  PhiUips,  Esq.,  F.R.S. ;  Prof.  H.  G.  Seeley,  F.R.S. ; 
Warington  W.  Smyth,  Esq.,  M.A.,  F.R.S. ;  J.  J.  H.  Teall,  Esq.,  M.A.;  W. 
Topley,  Esq.;  Prof.  T.  WUtshire,  M.A.,  F.L.S. ;  Henry  Woodward,  LL.D.,  F.R.S. 


IT.— Feb.  24,  1886.— Prof.  J.  W.  Judd,  F.R.S.,  President,  in  the 
Chair. — The  following  communications  were  read : — 

1.  "On  two  HhsBtic  Sections  in  Warwickshire."  By  Rev.  P.  B. 
Brodie,  M.A.,  F.G.S. 

The  sections  noticed  in  this  paper  were  (1)  one  exposed  on  a 
railway  at  Summer  Hill,  near  Binton,  between  Stratford  and  Alcester, 
and  (2)  one,  13  miles  further  to  the  south-east,  at  Snitterfield,  three 
miles  north  of  Stratford- on -Avon,  in  excavations  for  a  tunnel  con- 
nected with  a  supply  of  water  to  that  town. 

At  the  first-named  locality  a  bed  with  insect  remains  overlies  the 
firestone  and  jE!8/Aerta-bed,  and  this  is  succeeded  in  descending  order 
by  a  considerable  thickness  of  black  and  grey  shales  with  the  usual 
Khsdtic  fossils.     The  bone-bed  is  not  exposed. 

At  the  second  locality,  in  borings  and  shafts,  black  Rhntic  shales 
were  found  in  three  places  resting  upon  a  denuded  surface  of  new 
Bed  Marl,  and  covered  by  between  40  and  50  feet  of  drift  Avicula 
contorta  and  other  typical  fossils  were  obtained  from  the  shales. 
In  other  shafts  the  RhaBtic  beds  were  wanting,  so  that  apparently 
those  met  with  were  merely  small  portions  remaining  of  a  larger 
mass  which  had  been  denuded  away. 
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2.  ''  On  the  Basement-beds  of  the  Inferior  Oolite  of  Qlonoedter- 
fihire."     By  B.  Witchell,  Esq.,  F.G.S. 

The  author  observed  that  few  papers  have  appeared  lately  on  this 
subject  in  the  Quarterly  Journal,  and  admitted  that  the  work  done 
between  1847  and  1860  was  of  such  excellent  character  that  there 
seemed  to  be  but  little  left  to  do  in  the  Ootteswolds.  Still  he  con- 
sidered, after  twenty-five  years  of  experience,  that  there  is  room  for 
another  paper  on  the  lower  beds  : — 

(1)  Because  the  Pea  Grit  of  Leckhampton  is  made  to  include 
too  much. 

(2)  Because  this  use  of  the  term  has  led  to  confusion. 

(3)  Because  the  Pea  Grit  proper  has  a  greater  extension  than  has 
hitherto  been  supposed. 

Thus  has  arisen  the  mistaken  notion  that  the  Oolitic  limestone  at 
Frocester  and  Haresfield  Hills  is  part  of  the  freestone  series  above 
the  Pea  Grit.  The  author  proposed  to  call  the  beds  underlying  the 
Pea  Grit  the  ''  Lower  Limestone,"  and  gave  sections  at  Grickley  Hill 
and  Ruscombe,  near  Stroud,  in  explanation  of  his  views. 

Summarizing  the  results — (1)  The  Pea  Grit  is  well  developed  in  the 
Cheltenham  area,  thinning  towards  the  south,  is  no  more  than  from 
three  to  five  feet  thick  in  the  Stroud  area,  extending  as  far  as  Uley 
bury,  where  it  occurs  as  a  thin  band,  having  lost  its  ferruginous 
aspect.  (2)  Underlying  this  are  several  beds  of  white  Oolitic  Lime- 
stone, having  layers  of  freestone  alternating  with  layers  of  shelly 
detritus,  and  locally  small  quartz-pebbles,  thickness  from  20  to  30 
feet.  Attention  was  especially  drawn  to  the  contrast  which  these 
beds  present,  both  lithologically  and  pals&ontologically,  to  the  Pea 
Grit ;  and  to  their  poverty  in  entire  organic  remains,  limited  chiefly 
to  a  few  very  small  and  peculiar  Gasteropods.  (3)  Brown  sandy 
limestones,  locally  coarse  ferruginous  gritty  beds  from  6  to  9  feet, 
fossiliferous  in  the  lower  portion.  These  are  within  the  Opcdinus- 
zone,  and  repose  directly  on  the  Cephalopod-beds. 

3.  "  On  the  Pliocene  Beds  of  St.  Erth."  By  Percy  F.  Kendall, 
Esq.,  and  Eobert  G.  Bell,  Esq.,  F.G.S. 

This  paper  consisted  of  a  description  of  the  beds  exposed  at  St 
Erth,  a  list  of  the  Molluscan  fossils  identified,  and  some  preliminary 
considerations  of  the  evidence  afforded  by  the  MoUusca,  and  may  be 
considered  a  continuation  of  that  by  the  late  Mr.  S.  Y.  Wood,  read 
to  the  Society  in  November,  1884. 

The  beds  consist  of  sand  and  clay  dipping  to  about  6°  to  N.N.W. 
The  only  important  fossiliferous  bed  is  a  blue  clay,  and  fossils  have 
only  been  obtained  in  one  spot,  though  the  beds  have  been  traced 
over  an  area  of  about  1 20  acres.  The  fossils  are  well  preserved,  and 
with  a  few  unimportant  exceptions,  are  of  invertebrate  forms,  chiefly 
Mollusca,  Polyzoa,  Ostracoda,  and  Foraminifera ;  remains  of  Crabs, 
Cirripedes,  Echinoderms,  Annelida,  Sponges,  and  even  of  Holothu- 
rians  and  Tunicata  (e.g.  LeptocHnvm  ienue  y)  have  been  detected. 

The  list  of  the  Mollusca  showed  the  range  of  each  species  in 
Miocene  and  Pliocene  beds  and  in  the  present  seas.  The  authors 
considered  that  the  fossils  agree  in  age  with  the  middle  or  lower 
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portion  of  the  Bed  Crag,  bat  that  whilst  many  species  having  a 
southern  charaoter  are  present  at  St  Erth,  and  wanting  in  the  Crags 
of  the  East  coast,  the  Boreal  and  Arctic  forms  found  so  abundantly 
in  the  Crag  are  absent  at  St  Erth. 

In  explanation  of  this  remarkable  fact,  it  is  suggested  that  when 
the  St-Erth  beds  were  deposited,  although  the  North -Sea  area  was 
in  direct  communication  with  the  Arctic  Ocean,  the  western  part  of 
the  British  Channel  was  not,  that  the  British  Isles  were  joined  to  the 
continent  of  Europe  on  one  side  and  to  Greenland  on  the  other,  the 
Shetland  and  Faroe  Islands  and  Iceland  being  the  remnants  of 
the  barrier  that  formerly  divided  the  Atlantic  from  the  Arctic  Sea. 
Evidence  is  given  in  support  of  this  view  from  the  present  sub- 
marine configuration  of  the  North  Atlantic.  It  was  also  shown  to 
be  probable  that  the  St.-Erth  area,  in  Pliocene  times,  was  more 
directly  connected  with  the  Mediterranean  than  at  present,  by  a 
marine  channel  that  traversed  France. 


m— March  10, 1886.— Prof.  J.  W.  Judd,  F.R.S.,  President,  in  the 
Chair. — The  following  communications  were  read  : 

1.  "  On  the  Alteration  of  coarsely  spherulitic  Rocks."  By  Gren- 
ville  A.  J.  Cole,  Esq.,  F.G.S. 

The  author  stated  that  the  pitchstone  of  Zwickau,  Saxony,  contains 
large  spherulites,  remarked  on  by  Cotta  in  1847,  which  are  devoid 
of  radial  structure,  and  are  traversed  by  the  fine  lines  of  flow  that 
characterize  the  glassy  matrix.  The  centre  of  each  of  these  has  been 
hollowed  out  by  decomposition  along  cracks,  as  may  be  seen  at  the 
ends  of  the  branches  into  which  the  cavity  divides,  and  infiltration 
of  chalcedony  and  calcite  has  occurred.  The  lines  of  flow  corre- 
spond on  opposite  sides  of  this  secondary  mass,  and  do  not  bend 
round  as  if  the  spherule  had  formed  about  some  calcareous  inclusion 
or  about  a  vesicle.  Similar  excavation  and  infiltration  have  occurred 
extensively  among  the  coarsely  spherulitic  layers  of  the  Precambrian 
rhyolites  of  Lea  Rock,  Wrekin,  and  in  these  the  cracks  traversing 
the  rock  are  seen,  under  the  microscope,  as  mere  lines  when  passing 
through  the  matrix,  but  widen  out  at  once  probably  through  more 
ready  decomposition  along  their  walls,  when  they  enter  spherulitic 
matter.  In  the  white  rock  (Silurian  rhyolite)  of  Digoed,  near  Pen- 
machno,  N.  Wales,  similar  alteration  has  converted  the  closely  set 
spherulites  (often  three  inches  in  diameter)  into  mere  shells  filled 
with  quartz  and  chlorite;  while  a  black  slate-like  decomposition- 
product,  with  a  hardness  of  2*6  and  a  specific  gravity  of  2*77,  occurs 
occasionally  here,  and  very  frequently  in  the  less  coarse  but  similar 
rock  of  Conway  Mountain.  In  the  latter  place  spherulites  may  be 
found  containing  this  product  in  alternate  concentric  layers.  Analysis 
shows  it  to  be  allied  to  pinite ;  but  the  formation  in  it,  when  it  tends 
to  become  crystalline,  of  microlites  of  various  kinds,  opposes  its 
being  regarded  as  a  simple  mineral.  The  rock  of  Digoed  itself 
contains  83  per  cent  of  silica,  the  black  product  only  50  per  cent 
The  great  nodular  masses  of  quartz  and  these  contrasted  soft,  black, 
oleavable  layers  form  striking  features  of  alteration,  especially  as 
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the  residual  spheralitio  matter  closely  resembles  the  matrix,  and 
may  in  time  become  undistinguisbable  from  it.  A  consideration  of 
the  pyromerides  of  the  continent  makes  it  appear  probable  that  they 
also  are  altered  coarsely  spherulitio  rhyolites,  and  the  comparisons 
made  by  Delesse  in  1852  strongly  support  this  view. 

2.  "Account  of  a  Well-sinking  made  by  the  Great  Western 
Railway  Company  at  Swindon.*'  By  Horace  B.  Woodward,  Esq., 
F.G.S.     With  Lists  of  Fossils,  by  E.  T.  Newton,  Esq.,  F.G.S. 

This  well-sinking  was  made  under  the  direction  of  Captain  William 
Dean,  while  fossils  were  collected  and  notes  of  the  strata  were  made 
by  Messrs.  W.  H.  Stanier  and  A.  B.  Elliott,  to  whom  the  authors 
were  greatly  indebted.  The  object  of  sinking  was  to  seek  a  supply 
of  water  for  use  in  the  works  at  Swindon.  The  strata  proved  were 
as  follows: — 

Made  ground    

Kimmeridge  Clay     

Corallian  Beds 

Oxford  Clay  and  Eellaways  Bock 

Corabrash 

Forest  Marble 

736    2 

Unfortunately  for  the  Company,  saline  waters  were  met  with  in 
the  Corallian  rocks,  and  again  in  the  Forest  Marble. 

Few  fossils  were  obtained  from  the  Kimmeridge  and  Corallian  rocks ; 
but  those  from  the  Oxford  Clay  and  Kellaways  Rock  indicated  the 
upward  succession  of  the  Callovian  ornatus'  and  corda/iM- forms  of 
Ammonites.  It  was  shown  that  at  least  44  feet  of  clays,  sands,  and 
sandstones  might  be  assigned  to  the  Eellaways  Bock,  which  should 
be  regarded  as  an  irregular  and  impersistent  basement-bed  of  the 
Oxford  Clay.  Turning  to  the  subject  of  the  saline  waters,  it  was 
shown  from  analyses  by  Mr.  F.  W.  Harris  that  the  Corallian  water 
contained  144  grains  per  imperial  gallon,  consisting  chiefly  of  sodium 
chloride  and  sodium  carbonate.  In  the  Forest-Marble  water,  which 
had  a  temperature  of  64%  the  saline  ingredients  amounted  to  2131 
grains  per  gallon,  consisting  chiefly  of  sodium  chloride,  calcium 
chloride,  etc. 

Attention  was  then  drawn  to  the  occurrence  of  saline  waters  in 
the  Jurassic  rocks,  at  Melksham,  Holt,  Trowbridge,  St  Clement's, 
Oxford,  and  other  localities  in  the  neighbourhood ;  and  also  to  the 
occurrence  of  saline  waters  in  the  Coal-measures  and  older  rocks 
of  the  Bristol  Coal-basin,  etc.  It  was  shown  that  the  occurrence  of 
saline  waters  was  not  necessarily  connected  with  the  proximity  of 
saliferous  New  Red  rocks,  and  it  was  suggested  that  the  saline  waters 
at  Swindon  escaped  from  a  ridge  of  Palseozoic  rocks  against  which 
the  Lower  Jurassic  rocks  abutted,  as  they  do  on  the  Mendip  Hills. 

Mr.  E.  T.  Newton  said  the  fossils  had  been  collected  with  great 
care  by  Mr.  Stanier  and  Mr.  Elliott,  an  exact  record  of  depths  being 
kept.  He  noticed  some  of  the  more  important  species  that  had  been 
met  with  and  their  distribution,  especially  mentioning  that  the  Am- 
monites from  the  Oxford  Clay  were  nearly  all  from  greater  depths 
than  400  feet 
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» 

THE  GEOLOGICAL  AGE  OF  THE  KORTH  ATLANTIC  OCEAN.— EEPLY 
OF  PROFESSOR  HULL  TO  PROFESSOR  LE  CONTE. 

Sib, — I  have  read  with  much  pleasure  Professor  Le  Conte's  views 
on  the  question  of  the  *' Permanence  of  Continents  and  Ocean- 
Basins  " ;  and  especially  with  reference  to  the  growth  of  the  North 
American  Continent.^  I  am  glad  that  he  does  not  carry  his  views 
as  far  as  some  geologists  on  this  question.  As  stated,  they  are 
substantially  the  same  as  those  supported  in  his  '*  Elements  of 
Geology  "  (Edit.  1885).  It  sdems  to  me,  however,  that  Prof.  Le 
Conte  scarcely  realizes  sufficiently  what  must  have  been  the  eflfect 
of  continued  subsidence  during  the  whole  of  the  Palssozoic  period 
in  extending  the  sea-area,  and  consequently  in  pushing  the  ad- 
joining land-area  further  into  that  of  the  present  North  Atlantic 
Ocean.  In  his  ideal-section  {Elem,  p.  288)  of  the  Palaeozoic  rocks 
from  the  Primordial  downwards  to  the  Carboniferous,  which  is 
consistent  with  his  statement  that  the  whole  of  these  rocks  in  the 
United  States  are  conformable.  Prof.  Le  Conte  makes  it  clear  that 
were  these  strata  reduced  to  the  original  horizontal  position,  there 
would  be  several  thousand  feet  of  marine  sediments,  which  must 
originally  have  overlapped  on  the  flanks  of  the  lands  formed  of 
Archaean  rocks.  This  will,  probably,  explain  to  him  why  in  my 
sketch-map  No.  2  I  have  carried  the  northern  part  of  the  continental 
border  westward  so  as  to  cut  through  Labrador,  not  in  '^  Primordial  i 
times,"  as  he  supposes,  but  in  Silurian  times,  when  the  land-area  J 
was  further  depressed.* 

I  am  gratified  to  find  that  on  the  question  of  the  position  of  the 
and  and  sea  areas  during  Archaean  (or  Laurentian)  times  Prof.  Le 
Conte  is  in  accord  with  myself ;  on  the  other  hand  I  fully  agree  with 
him  as  to  the  immense  duration  of  the  "  Lost  Interval  "  which 
elapsed  between  the  Archaean  and  Primordial  eras,  and  the  extent  of 
the  denudation  of  the  raised  sea-beds  over  the  American  and  European 
continents.  But,  I  cannot  concur  with  him  in  supposing  that  the 
small  tracts  of  land  which  were  (at  least  partially)  maintained  in 
the  North,  as  the  Laurentian  *'  Nucleus,"  or  along  the  East  of  the 
Appalachians  (even  with  a  considerable  margin  including  some  now 
ocean-covered  tracts),  were  sufficient  to  supply  the  amount  of  Palaeo- 
zoic sediment,  which,  when  originally  deposited  (t.e.  before  denudation), 
was  the  measure  of  the  denudation  of  these  tracts  themselves.  The 
conformable  relations  of  these  beds  throughout  a  vertical  depth  of 
several  thousands  of  feet  imperatively  involves  the  view  of  the  con- 
temporaneous existence  of  an  extensive  continental  area,  stretching 
both  to  the  north  and  east  of  the  present  margins  of  the  Silurian 
strata.  Nor,  as  it  appears  to  me,  does  Prof.  Le  Conte  recognize 
sufficiently  (if  at  all)  the  significance,  in  reference  to  this  question, 
of  that  on  which  I  have  laid  principal  stress  in  my  essay  ;  namely, 

*  Geological  Maoazixb,  March,  1886.  p.  97. 

•  Scient.  Trans.  Roy.  Dublin  Soc.  vol.  iii.  new  ser.  plate  yii.  p.  319, 
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the  increase  in  thickness  of  the  sedimentary  strata  towards  the  north- 
east and  east  of  the  N.  American  continent,  and  their  attenuation 
and  replacement  by  limestones  in  opposite  directions.  In  the  case  of 
these  sediments  they  are  truncated  along  their  thickest  margins ;  and 
the  fact,  which  I  have  pointed  out,  that  the  British  and  European 
formations  exhibit  similar  phenomena  of  attenuation  and  truncation, 
only  in  an  opposite  direction,  leads  ns  to  a  similar  conclusion  with 
reference  to  the  position  of  the  derivative  lands.  Prof.  Le  Conte 
admits  (p.  100)  that  the  great  thickness  of  Carboniferous  strata 
would  require  a  large  land-mass  to  the  east  of  the  Appalachian 
region ;  but,  he  adds,  '*  There  is  no  reason  why  the  eastern  land- 
mass,  which  sufficed  to  contribute  30,000  feet  of  Silurian  and 
Devonian  sediments,  should  not  have  been  sufficient  to  contribute  the 
much  smaller  amount  of  sediments  of  the  Carboniferous  period." 
This,  however,  allow  me  to  say,  is  b^ging  the  question  at  issue 
between  us.  I  maintain  in  the  first  place,  that  the  narrow  strip  of 
land  (comparatively  speaking)  allowed  by  Prof.  Le  Conte  was  quite 
insufficient  for  the  production  of  30,000  feet  of  conformable  sedi- 
ments ;  and  secondly,  that  this  continuous  accumulation  of  such 
sediments  must  have  caused  the  originating  land-mass  to  recede 
farther  and  farther  eastwards  into  the  Atlantic  area,  down  to  the 
close  of  the  Carboniferous  (or  Permian)  epoch. 

Prof.  Le  Conte  is  scarcely  correct  in  stating,  that  in  my  map,  fig. 
3, 1  have  completely  abolished  the  Atlantic  Ocean  by  converting  it 
into  land  during  the  Carboniferous  epoch.  As  a  matter  of  fact,  I 
have  indicated  the  land  as  far  south  as  lat  38^ — 40^,  making  it  in- 
tentionally vague  at  this  line.  As  will  be  seen,  on  referring  to  the 
map  itself,  the  main  land-areas  are  represented  as  occupying  the 
Arctic  regions ;  and  there  is  an  interesting  fact  tending  to  corroborate 
the  view  of  the  land  connection  between  Europe  and  America  during 
both  Devonian  and  Carboniferous  times  which  should  not  be  lost 
sight  of,  viz.  the  general  resemblance,  and  partial  identity,  of  the 
land  floras  of  both  regions  during  these  epochs.  Altogether  it  would 
appear  that  there  is  cumulative  evidence  of  the  general  correctness 
of  the  views  I  have  endeavoured  to  enunciate,  whether  we  have 
recourse  to  the  organic  or  physical  aspects  of  the  question. 

Edwabd  Hull. 
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CHARLES  WILLIAM  PEACH,  A-L-S. 

BoBN  1800.  Died  1886. 
Chablss  W.  Peach,  Geologist  and  Naturalist,  was  bom  in  1800  at 
Wansford  in  Northamptonshire.  His  father  was  a  harness-maker. 
He  first  went  to  a  dame's  school  in  the  village,  and  at  the  age  of 
twelve  was  sent  to  a  school  at  Folkingham  in  Lincolnshire,  where  he 
remained  three  years.  He  was  appointed  to  a  post  in  the  Revenue 
Coastguard  in  January,  1824,  and  sent  first  to  Sou threpps  in  Norfolk, 
and  afterwards  to  Weybourn,  Cromer,  etc.    Here  he  first  commenced 
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the  study  of  Natural  History,  and  b^^an  to  make  a  ooUeotion.  He 
made  the  aoquaintance  of  the  Rev.  J.  Lay  ton,  then  living  at  Catfield. 
With  this  exoellent  geologist  he  explored  the  cliffs  and  the  sub- 
merged Forest-bed,  and  assisted  him  greatly  in  collecting  the  large 
series  of  teeth  and  bones  of  elephants  which  are  now  preserved  in 
the  British  Museum. 

From  Norfolk  Peach  was  sent  to  Lyme  Regis  and  Charmouth  in 
Dorsetshire,  and  thence  into  Cornwall,  where  he  worked  at  the 
geological  formations  along  the  coasts,  and  found  fossils  where  no 
fossils  had  been  found  before.  At  the  meeting  of  the  British 
Association  held  at  Plymouth  in  1841,  he  read  his  first  paper  entitled 
*•  The  Organic  Fossils  of  Cornwall."  The  following  year  at  the 
Manchester  Meeting  he  read  a  paper  before  the  Zoological  Section,  *<  On 
the  Marine  Fauna  of  the  Cornish  Coast"  Charles  Darwin,  in  his 
monograph  on  the  Balanidcs  (Ray  Society,  1854,  p.  157),  quotes  Mr. 
Peach's  observations  on  the  exuviation  of  the  integument  of  the 
BalatU  on  the  Cornish  coast  He  was  acknowledged  to  be  one  of 
the  most  original  observers  in  Geology  and  Zoology,  and  was  taken 
by  the  band  by  Murchison,  De  la  Beche,  Buckland,  Forbes,  Daubeny 
and  Agassiz. 

While  residing  at  Fowey,  he  was  made  an  Honorary  Member  of 
all  the  local  scientific  Societies  of  the  Duchy,  and  he  added  many 
organic  remains  from  the  Devonian  rocks  to  the  collection  of  the 
Royal  Gleological  Society  of  Cornwall,  and  this  collection  seems  to 
have  remained  as  he  left  it  nearly  40  years  ago. 

One  of  Peach's  most  important  discoveries  was  the  detecting 
remains  of  Pteraspidian  fish-shields,  in  the  Lower  Devonian  Slates 
of  Polperro  in  Cornwall.  These  fossils  were  recognized  as  fish  by 
Mr.  Peach  in  1843.  In  1851  Prof.  Mc'Coy  determined  the  fossil  to 
be  a  Sponge  I  and  named  it  Steganodictyum  Comubicum,  Prof.  Ferdi- 
nand Roemer  subsequently  determined  it  to  be  the  bone  of  a  Cuttle- 
fish, and  named  it  Arehceoteuthia  Dunensis  (1855) ;  and  in  1868  Prof. 
Ray  Lankester,  in  a  note  to  the  Geological  Society,  stated  that 
Huxley  and  Salter,  as  well  as  himself,  had  determined  it  to  be  the 
cephalic  plate  of  a  Pteraspidian  fish  (Quart  Joum.  Geol.  Soc.  1868, 
vol.  xxiv.  p.  546),  which  he  described  under  the  name  of  Scaphaspia 
ComubieuB.  He  says,  *'The  merit  of  first  recognizing  the  fish-nature 
of  these  remains  belongs  to  Mr.  Peach,  who  more  than  twenty  years 
since  wrote  of  them  as  such  "  {op,  eit,  p.  547).  See  also  Gbol.  Mag. 
1868,  VoL  V.  pp.  247-248,  and  1869,  Vol.  VL  pp.  77-78.  Mr. 
Pengelly,  writing  on  the  same  subject,  says: — "Mr.  Peach's  judgment 
has  received  the  fullest  justification,  and  we  all  congratulate  him 
heartily  on  thia  fact"  (Trans.  Devonshire  Assoa  for  1868). 

Having  been  transferred  from  the  Coast-guard  to  the  Customs, 
Peach  was  removed  from  Cornwall  to  the  north  of  Scotland,  being 
stationed  first  at  Peterhead,  and  afterwards  at  Wick.  It  was  whilst 
at  the  latter  place  that  he  made  the  acquaintance  of  Robert  Dick, 
the  Thurso  Baker- Geologist  and  Botanist,  and  the  account  of  their 
friendship  and  mutual  studies  is  contained  in  some  of  the  most 
interesting  chapters  in  Dr.  Smiles'  **  Life  of  Robert  Dick,"  part  of 
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which  book  is  devoted  to  a  biographical  sketch  of  Mr.  Peach,  to 
which  we  are  indebted  for  many  of  our  facts.  Here  he  con- 
tinued his  study  of  geology  and  zoology.  Whilst  travelling  round 
the  coast  of  Caithness  in  search  of  wrecks,  he  made  good  use  of 
his  spare  time,  hammering  the  rocks  in  search  of  fossil  plants  with 
which  the  dark  flagstones  of  the  district  abounded.  He  was  the 
first  to  find  fossils  in  the  limestones  of  Durness  in  Sutherland. 
Obscure  organic  remains  had  been  detected  by  Macculloch  in  the 
quartz  rocks  of  Sutherland  ;  but  they  passed  out  of  mind,  and  their 
organic  nature  was  stoutly  denied  by  Sedgwick  and  Murchison. 
Peach,  however,  in  1854  brought  to  light  a  good  series  of  shells ' 
and  oorals,  which  demonstrated  the  limestone  containing  them  to 
lie  on  the  same  geological  horizon  as  some  part  of  the  Lower 
Silurian  of  other  regions.  He  also  found  a  new  fossil  fish,  which 
was  described  in  the  Decades  of  the  Geological  Survey.  At  the 
meeting  of  the  British  Association  at  Liverpool,  1854,  Peach  read  a 
paper  on  *'The  Remains  of  Land  Plants  and  Shells  in  the  Old  Red 
Sandstone  of  Caithness."  In  August,  1858,  Mr.  Peach  accompanied 
Sir  R.  I.  Murchison  to  the  Orkney  and  Shetland  Islands,  and 
finally  the  two  geologists  lauded  at  Cape  Wrath,  and  proceeded  to 
visit  the  Durness  Limestone,  where  cdl  that  Peach  had  already 
discovered  was  confirmed  by  the  personal  observation  of  Sir 
Roderick,  who,  proceeding  to  Leeds,  laid  before  the  Greological 
Section  of  the  British  Association,  ''  The  Results  of  his  Re- 
searches among  the  older  rocks  of  the  Scottish  Highlands," 
doing  full  justice  to  Mr.  Peach's  discovery  of  organic  remains  of 
the  Lower  Silurian  age  in  the  Crystalline  Limestone  of  Sutherland, 
similar  to  those  which  occur  in  the  Lower  Silurian  rocks  of 
North  America. 

He  was  a  Fellow,  and  served  the  office  of  President  of  the  Royal 
Physical  Society  of  Edinburgh. 

In  1868  Peach  was  elected  tin  Associate  of  the  Linnasan  Society 
of  London. 

The  **  Neill  Gold  Medal "  was  awarded  to  Mr.  C.  W.  Peach  in 
1874,  by  the  Royal  Society  of  Edinburgh,  for  the  addition  of  about 
20  species  of  Echini,  MeduscB,  and  Sponges  made  by  him  to  the 
known  fauna  of  the  British  seas. 

Though  his  long  and  active  life  had  entitled  him  to  rest  both  from 
official  and  scientific  work,  his  vigorous  mind  and  great  love  for 
science  urged  him  to  further  investigations,  and  in  the  plant-bearing 
beds  of  Edinburgh,  Falkirk,  and  Fife,  he  made  important  discoveries, 
not  only  of  new  forms  of  plant-life,  but  of  materials  which  increased 
our  knowledge  of  already  described  forms. 

He  died  at  30,  Haddington  Place,  Edinburgh,  on  February  28th, 
in  his  86th  year.  His  son,  Mr.  B.  N.  Peach,  F.R.S.E.,  F.G.S.,  has 
for  many  years  been  attached  to  the  Geological  Survey  of  Scotland, 
and  is  the  author  of  several  important  geological  and  palsBontological 
memoirs. 

*  Maolurea  Feachii,  which  was  named  after  Mr.  Peach,  and  several  other  forms. 
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L — Oir  Mssozoro  Angiospbbms. 

By  J.  Starkib  Gardnbr,  F.L,8.,  F.G.S. 

(PLATE  V.) 

THERE  oan  soarcely  at  the  present  time  be  a  problem  more  in- 
teresting than  that  of  the  first  appearance  of  Angiosperms,  nor 
one  regarding  which  there  is  less  trustworthy  information  at  the 
disposal  of  the  geologist  In  attempting  to  bring  together  a  sum- 
mary of  what  is  known  regarding  the  earlier  forms  of  this  most 
important  division  of  the  vegetable  kingdom,  I  make  little  claim  to 
originality  ;  nor  are  such  criticisms  as  I  may  venture  upon  entitled 
to  the  same  weight  as  if  put  forward  by  a  trained  botanist. 

It  is  quite  unnecessary  to  recall  the  many  supposed  representatives 
of  Angiosperms  that  were  formerly  included  in  the  Palssozoic  Floras, 
for  they  have  long  since  been  dismissed  from  our  lists  of  fossils  and 
forgotten.  Though  less  fanciful  in  degree  than  some  of  the  still 
earlier  geological  fallacies,  they  are  no  less  mythical,  and  at  present 
the  names  Tuecites,  PalmaciteSt  AnthoUtes,  Poacite$,  Ctdmitea,  etc, 
are  no  longer  included  among  the  plants  of  the  Coal-measures.  Now 
that  Poihocites  has  been  shown  to  be  part  of  a  Sigillarian  plantf  there 
is  in  fact  no  longer  any  Angiosperm  remaining  of  PalsBozoic  age. 
At  the  same  time,  it  must  not  be  overlooked  that  Oorda  described  two 
species  of  Carboniferous  and  Permian  endogenous  wood,  while  the 
exhaustive  studies  of  Prof.  Williamson,  extending  over  a  great  num- 
ber of  years,  have  brought  to  light  the  existence  of  some  anomalous 
woods  and  other  plant-structures  from  the  Coal-measures,  in  the  most 
perfect  preservation,  so  that  it  is  certainly  within  the  bounds  of  possi- 
bility that  we  may  some  day  come  to  a  clearer  appreciation  as  to  the 
lines  through  which  Angiosperms  were  differentiated  from  the  older 
Cryptogams  or  Gymnosperms. 

There  are  met  with,  however,  in  the  Coal-measures,  the  exceed- 
ingly problematical  remains  of  a  plant  which  is  claimed  in  the 
latest  work  of  Saporta  and  Marion  to  be  a  "  pro-Angiospenn,"  or,  in 
other  words,  an  Angiosperm  imperfectly  differentiated  from  a  Cryp- 
togamic  or  Gymnospermic  stock.  The  widely-distributed  fossil, 
known  as  Spirangium,  consists  of  acutely-pointed  spindle-shaped 
bodies,  which  are  believed  to  be  composed  of  from  five  to  ten  linear 
valves;  supposed  to  envelope  a  central  cavity.  These  valves  usually 
appear  to  be  spirally  twisted,  but  in  some  specimens,  which  seem  to 
i>BCAX>B  in.^yoL.  lu.— NO.  y.  13 
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be  in  more  perfect  preservation,  there  is  no  twist  visible,^  so  that 
it  is  probable  that  either  the  spiral  arrangement  was  confined  to  an 
inner  part  of  the  structure,  or  that  the  purpose  they  had  to  serve 
could  be  equally  fulfilled  without  the  twist.  They  seem  to  have 
been  seated  on  a  pedicel,  and  according  to  Schimper,  a  number  were 
joined  to  form  a  sort  of  umbel ;  but  in  England  at  least  they  are 
generally  found  detached.  Examples  were  figured  in  the  Trans- 
actions of  the  Geological  Society  as  long  since  as  1840,*  under  the 
name  of  Garpoltthes  heltcieroides.  No  better  idea  of  their  enigmati- 
cal nature  can  be  given  than  the  bare  enumeration  of  some  of  the 
guesses  that  have  been  made  as  to  their  affinities.  They  were 
thought  to  be  allied  to  Helicterea,  a  genus  of  Stereuliacea,  by  Prest- 
wich  and  Morris :  they  are  Palaohromelia  of  Ettingshausen,  allied 
to  the  Pine-apple  family ;  the  Palaoxyris,  of  Brongniart,  related  to 
XyriSf^  a  sedge-like  Monocotyledon  principally  confined  to  the 
Tropics ;  the  radicular  appendages  of  Equiaelum  according  to  Les- 
quereux ;  they  were  named  SporUderia  by  Stickler,  who  regarded 
them  as  Bromeliads;  and  Spirangium  by  Schimper,  who  hazards 
no  opinion  as  to  their  position  in  the  vegetable  kingdom,  beyond 
such  as  is  implied  by  placing  them  after  the  Monocotyledons.  Finally, 
they  are  claimed  to  be  '*  pro-Angiospermous  "  fruits  by  Saporta 
and  Marion,  but  it  is  almost  superfluous  to  say  that  their  affinities 
remain  to  this  day  completely  unknown.  They  are  found  in  all 
stages,  from  the  Carboniferous  up  to  and  including  the  Wealden,  and 
any  discovery  tending  to  shed  ftirther  light  upon  them  would  be  of 
very  great  importance.^ 

Next  in  point  of  age  comes  a  leaf  with  reticulated  venation  from 
the  Permian  of  Bussia,  and  named  Dichoneuron  Hooheri,  Sap.  It  is 
stated  to  be  of  a  firm  consistence,  with  a  long  petiole,  slightly  dilated 
at  the  base  and  detached  naturally  from  the  stem ;  and  an  engraving 
shows  it  to  be  bipartite,  indented,  and  lobed  and  cut  laterally  into 
two  segments.  Saporta  and  Marion '  claim  that  the  venation  re- 
sembles that  of  Fiatia  (a  tropical  Duckweed),  and  that  the  leaves  of 
the  aroideous  Amormophyllum  are  similarly  bilobed,  and  suggest  the 
association  with  it  of  a  spathe-like  body  from  the  same  formation. 
Sir  Joseph  Hooker,  however,  to  whom  the  specimen  was  shown, 
thought  that  it  was  probably  a  cryptogam  allied  to  Ceraiopteris,  a 
genus  of  tropical  and  aquatic  Ferns.  It  is  in  any  case  quite  obvious 
that  very  little  importance  can  be  attached  to  a  mere  leaf  with  such 
tmdecided  characters,  when  we  reflect  that  leaves  greatly  resembling 
each  other  with  not  dissimilar  venation  are  common  alike  to  Crypto- 
gams, Gymnosperms,  and  both  divisions  of  Angiosperms.    Another 

^  There  ia  an  admirable  specimen  showing  this  condition  in  the  Mnsenm  at 
Owens  GoUeee. 

'  Prestwioh,  Oeology  of  Coalbrook  Dale,  G^l.  Trans.  toL  t.  part  iii.  plate  38, 
fig.  12,  and  explanation  by  Prof.  Morris. 

*  A  Tiew  recently  npheld  by  Nathorst. 

*  The  species  described  as  Palaotpathe  by  Unger  from  the  Carboniferons  and  Per- 
mian, may  possibly  also  belong  here.  A  list  of  them  is  given  in  Schimper,  PaL 
v6ff6tale,  ToL  ii.  p.  505. 

>    ^  Eyolotion  des  Phan^gams,  toL  i.  p.  231. 
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problematio  plant,  of  whioh  the  outline  at  least  is  perfectly  known, 
is  the  (Ethophyllum  q>ecio$um,  Soh.  and  Moug.,  from  the  Trias  of  the 
Yosges.  It  possessed  linear  leaves,  with  fine  linear  veins  without 
mid-rib,  which  are  decurrent  and  grouped  by  threes  on  a  woody  and 
branching  stem.  The  branches  are  terminated  \>y  cylindrical  and 
more  or  less  elongated  spikes,  whose  scales  or  bracts  bore  smooth 
shining  seeds  in  their  axils.  These  spikes  were  imperfectly  articu- 
lated at  the  base  and  furnished  at  that  point  by  a  ring  of  palesB  or 
hairs,  and  were  probably  caducous.^  It  has  been  suggested  by 
several  writers  that  CEthophyUum  may  be  allied  to  the  Typhacea, 
and  though  it  is  by  no  means  even  certain  that  they  belong  to  the 
Monocotyledons  at  all,  it  appears  difficult  to  avoid  regarding  them 
with  interest  as  at  least  possible  "  pro-angiospermic  "  types.  Certain 
fruit-spikes  from  the  same  formation  were  named  Eehinoaiaehys  by 
Brongniart 

Synchronous  with  the  last,  and  also  common  to  the  Jurassics,  are 
narrow  ribbon-like  leaves  known  as  Yueeites,  Sch.  and  Moug.,  five 
species  of  which  are  described  by  Zigno.  *  They  are  broad  or 
narrow  linear  leaves,  with  entire  margin,  and  without  mid-rib,  with 
fine  longitudinal  veins  united  by  transverse  veinlets  and  sessile  or 
amplexicaul  base.  As  stated  by  Schimper,'  '*  It  is  useless  to  remark 
that  these  fossils  may  proceed  from  very  different  types,  and  perhaps 
without  real  analogy  with  the  living  type  to  which  we  compare 
them."    They  most  resemble  the  leaves  of  Draccbna  or  Fourcroya. 

In  the  RhsBtic  we  meet  for  the  first  time  with  the  remarkable  organism 
known  as  Williamsonia,  a  fossil  familiar  to  us  from  its  not  uncommon 
occurrence  in  the  Oolite  of  Yorkshire.  It  appears  to  have  been 
figured  first  as  a  flower*  in  Bird's  Yorkshire,  pi.  ii.  fig.  6,  associated 
with  Zamites,  and  later  by  Mantell  in  1844,  Medals  of  Creation, 
vol.  L  p.  161,  as  the  fruit  of  Zamitea  lanceolatOf  in  consequence  of  a 
oonjecture  by  Lindley  that  the  supposed  petals  were  scales  and  the 
stamen  and  pistil  the  fractured  axis.  It  was  first  described  by  Prof. 
Williamson  in  a  communication  to  the  Linnean  Society,*  in  1868,  and 
was  named  after  the  Professor  by  Carruthers ;  but  at  that  time  it  was 
considered  that  the  Cycadean  foliage  associated  with  it,  and  known 
as  Zamitea  gigaa,  might  very  probably  belong  to  the  same  plant 
The  fructification  is  very  rarely  attached  to  stems  with  spirally  arranged 
leaves,  and  to  such  stems  and  the  fruit  the  genus  is  now  restricted. 
It  seems  no  longer  possible  to  regard  it  as  even  an  utterly  abnormal 
Cycad,  and  the  question  therefore  arises  as  to  whether  Saporta  and 
Marion  have  sufficient  grounds  for  ranking  it  among  their  **pro- 
Angiosperms."  Mr.  Carruthers  and  Prof  Williamson  appear  uncer- 
tain as  to  which  section  of  the  vegetable  kingdom  it  should  enrich, 
while  Dr.  Nathorst  advances  the  rather  untenable  proposal  to  place 
it  in  Balanophoraeea,  a  small  natural  order  of  succulent  leaf-less, 

^  Scbimper  and  Moogeot,  Monogr.  d.  pi.  fofls.  da  Gr^  bigarr^,  p.  39,  pL  xix.  xx. 

'  Flora  1068.  forma,  oolithioie,  L-iv. 

»  Pal.  v4ff6tal6,  yol.  ii.  p.  427. 

^  A  closed  bud  is  apparently  figured  as  a  nut,  pi.  iii.  fig.  7. 

«  Linn.  Trans,  p.  663,  pis.  62  and  63. 
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parasitic  Dicotyledona,  to  which  Baffleata  belongs,  while  Newberry 
appears  to  regard  them  as  possible  Composites.^ 

The  branches  of  WiUiamsonia  gigas^  Carr.,  are  stout,  densely  dothed, 
with  remarkably  .thick  and  short  sheathing  leaves,  amplexioanl) 
loosely  imbricated,  dorsally  keeled  or  convex,  inferiorly  canaliculate^ 
and  with  lanceolate,  stiflf,  and  even  spinous  apex.  They  are  coriaceous, 
smooth,  with  entire  margins  and  parallel  veins,  united  by  a  delicate 
network  of  oblique  veinlets  only  visible  with  a  lens.  Many  of 
these  stems  are  terminated  by  more  or  less  developed  globose 
involucres,  composed  of  at  least  one  whorl  of  converging  linear 
bracts,  bent  inwards  so  as  to  form  a  chamber,  which  is  sometimes 
empty,  showing  the  basal  scar  from  which  the  interior  organ  had 
become  detached.  The  largest  of  these  involucres  are  formed  of 
several  rows  of  bracts  enveloping  a  peculiar  gourd-shaped  body  or 
axis  invested  with  a  dense  covering  of  compressed  long  narrow  cells, 
which  Saporta  regards  as  an  investing  mass  of  filaments  and  anthers, 
such  as  that  covering  the  spadix  of  Typha,  Prof.  Williamson  calls 
this  a  cortical  layer,  but  has  inferred  that  it  possibly  bore  antheridial 
organs :  Saporta  adds  that  these  fell  away  after  the  pollen  was  shed, 
leaving  the  axis  bare.  Saporta  asserts,  and  Williamson  thinks  it  not 
improbable,  that  this  involucre  represents  the  male  organ  of  the 
plant 

Associated  with  them  are  found  verticils  of  incurved  bracts  united 
at  their  bases  into  a  cup-shaped  organism,  which  Williamson  on  the 
one  hand  is  confident  have  never  been  found  attached  to  any  other, 
but  which  Saporta  maintains  are  sometimes  present  in  the  interior 
moulds,  in  which  condition  all  the  English  specimens  are  found, 
adhering  to  the  gourd-shaped  axis  which  he  says  it  surmounted. 
The  important  collection  of  Mr.  Yates  is  now  in  the  Jardin  des 
Plantes,  and  I  have  not  had  the  opportunity  of  examining  it  since  I 
l)ecame  interested  in  the  subject ;  but  on  the  other  hand  Professor 
Williamson  certainly  possesses  a  specimen  in  which  each  bract  ift 
furnished  with  a  pair  of  oblong  depressions,  which  are  clearly  not 
accidental  markings  as  Saporta  would  believe,  and  are  obviously 
adapted  for  bearing  a  pair  of  ovules.  The  remarkable  thing  is  that 
none  of  the  other  numerous  specimens,  so  far  as  I  know,  in  out 
public  museums  show  any  such  marks.  Moreover,  the  gourd-shaped 
axis  is  sometimes  prolonged  into  a  peculiar  point  which  can  be  most 
readily  described  as  in  shape  like  a  light-house,  and  which  finds  no 
place  in  Saporta's  restoration." 

The  rest  of  the  description  of  WiUiamsonia  is  taken  wholly  from 

^  Dr.  Newberry  describes  a  number  of  helianthoid  flowers  which  he  calls  Po/icmwi- 
thusy  from  the  Crotaceous  Amboy  Clays,  which  are  three  to  four  inches  in  diameter 
and  greatly  resemble  WiUiamsonia.  He  remarks  that  though  '*  so  much  like  flowers 
of  Composite,  we  are  not  yet  warranted  in  asserting  that  sach  is  their  character,''  BulL 
Torrey  Botanical  Club,  vol.  xiii.  p.  37,  1886. 

*  The  cup  is  described  bv  Saporta  and  Marion,  Evolution  des  Phan^ro^.  toL  i. 
p.  240,  as  a  large  cup  or  bell-shaped  expansion  with  fringed  or  lobed  marrin,  com- 
posed of  coriaceous  and  fibrous  tissue,  comparable  to  the  spongr  apex  of  tne  fleshy 
spadix  of  Amorphophalhu^  and  more  remotely  with  the  tuft  of  leaves  crowning  thie 
Pine-apple. 
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Saporta  and  Marion,^  as  the  speoimens  preserved  in  maseums  in  tbis 
country  do  not  appear  to  reveal  the  characters  claimed  by  these 
distinguished  French  authors.  They  say  that  in  addition  to  the 
male  involucres  are  others,  smaller,  less  regularly  globose,  generally 
empty,  with  a  broad  cicatrix  at  the  base,  corresponding  to  the  in- 
sertion of  an  organ  which  has  evidently  become  detached  in  a 
natural  manner.  Complete  specimens,  however,  show  a  globular 
receptacle  or  spadix,  shrunk  as  if  empty  and  surrounded  by  the 
bracts  forming  the  involucre.  Sometimes  this  involucre  appears  to 
have  been  detached  entire,  but  more  often  the  globular  spadiz  with 
the  inner  row  only  of  bracts  was  disarticulated.  The  surface  of 
the  spadiz  itself  is  areolate,  the  compartments  irregularly  polygonal, 
either  grouped  in  rosettes  of  five  or  siz  round  central  points,  which 
appear  to  be  stigma  of  ripe  pistils,  or  with  these  latter  more  irregu- . 
larly  interspersed  among  them.  The  areoln  are  presumably  barren . 
carpels.  An  Indian  specimen  shows  the  female  spadiz  to  have 
IK>88es8ed  a  fibrous  covering  which  was  shed  in  a  single  piece.    A 


I 


A.  Fruiting  organ  of  WiUUnuonia  MorieH,  Sap.,  naturally  shed.  The  gpedmen  is 
preserred  as  carbonate  of  iron.  Some  of  the  bracts  of  the  involucre  remain,  and 
beneath  theareoto  an  accident  has  exposed  some  of  the  ripe  seeds  in  their  natural 
wwhon.  The  specimen,  magnified  twice,  is  from  the  Oxfordian  of  Vaches- 
Woures.  B.  Areote  formed  of  carpels  grouped  together  and  compressed,  the 
central  points  being  the  scazs  of  the  stigmas.  C.  A  seed  greatly  magnified. 
After  Saporta  and  Marion. 

^  Saporta  has  an  exhaustive  treatise  on  the  subject  in  the  press,  which  will  be 
auperbly  illuBtrated,  in  which  he  intends  to  demonstrate  the  absolute  identit?  of 
WiUiamtonia  with  Fodocarya,  ' 
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very  perfect  spedmen  of  WilUam$onia  Morieri,  beautifallj  preserved 
in  oarbonate  of  lime»  is  from  the  Oxfordian  of  Calvados.  In  this 
species  only  the  upper  half  of  the  spadix,  which  is  ovate  instead  of 
globose,  is  covered  with  areolae,  in  consequenoe  of  the  fibres  of 
which  the  areolate  covering  is  formed  being  directed  upwards 
obliquely,  instead  of  at  right  angles  to  the  axis.  This  disposition 
has  fortunately  enabled  some  of  the  ovules  to  be  uncovered,  and 
shows  that  they  are  situated  in  the  interior  of  the  rosettes  in  which 
the  areoliB  are  arranged,  each  one  corresponding  to  an  entire  rosette. 
Thus  most  of  the  pistils  were  unfertilized,  supposing  there  were  as 
many  pistils  as  areolae,  and  several  of  them  became  subsequently 
united  into  syncarps.  Each  areola  when  magnified  is  polygonal 
and  convex,  with  the  facets  culminating  in  a  small  button,  an 
arrangement  exactly  similar  to  that  of  Pandanus  fragrauB.  The 
ovules  or  seeds  were  attached  by  the  base,  which  was  rounded, 
while  the  other  end  was  more  pointed. 

The  spadix  was  not  a  true  inflorescence,  or  spike  composed  of  a 
number  of  flowers  on  one  axis,  as  in  the  true  Spadicifiora,  but  a 
branch  with  every  leaf  metamorphosed  into  carpels,  and  thus  the 
morphological  equivalent  of  the  gynoecium  of  the  MagnoUa,  Conse- 
quently it  represents  a  single  flower  composed  of  an  indefinite 
number  of  unisexual  elements,  a  structure  of  a  kind  that  might 
a  priori  have  been  expected  to  occur  in  an  early  type  of  pro-Angiosperm. 

Small  buds,  as  well  as  the  more  mature  organisms,  are  met  with  in 
the  Yorkshire  Oolites.  Other  and  distinct  species  have  been  met 
with  in  the  Oolites  of  India,*  France,  and  some  of  the  Baltic  pro- 
vinces, in  some  of  these  cases  apart  from  any  associated  Cycadean 
remains.'  An  organism  found  by  Griffiths  in  the  Grey  Chalk 
between  Dover  and  Folkestone,  in  which  the  coaly  substance  of  the 
plant  is  preserved,  was  forwarded  by  me  to  Saporta,  who  pronounced 
it  without  hesitation  to  be  a  Williamsonia,  It  would  be  interesting 
to  have  this  determination  confirmed,  as  it  strengthens  the  evidence 
already  in  existence,  tending  to  show  that  no  great  change  took 
place  in  the  Flora  of  the  British  area,  from  the  Jurassic  to  the  Cre- 
taceous, inclusive.' 

The  oldest  definite  Monocotyledons  however  are  the  well-marked 
Pandanaceous  fruits  from  the  Oolites,  which  therefore  take  rank  as 
the  earliest  known  Angiosperms.  One  of  the  most  distinct  of  these 
was  figured  by  Buckland  in  1836  from  the  Inferior  Oolite  of  Char- 
mouth,^  to  which,  at  B.  Brown's  suggestion,  he  gave  the  name 

1  FeiBtmantel  lays  ^reat  stress  on  their  occurrence  in  the  rocks  of  the  Bajmahal 
eroup  as  supporting  his  view  that  they  are  of  Jurassic  aee.  There  are  two  species 
besides  the  one  considered  identical  with  the  Yorkshire  ^.  ffi(f<u,  Pal.  Indica,  Flora 
of  Kach.  p.  73,  1876. 

'  Williamson,  On  some  Anomalous  Oolitic  and  Palaeozoic  Forms  of  Vegetation, 
Proo.  Boy.  Institution  of  Great  Britain,  Feb.  16,  1883. 

*  Saporta  writes  to  me  under  date  April  2nd,  1886,  regarding  this  fossil : — '*  Je 
crois  bien  que  c'est  un  veritable  WiUiafntonia^  mais  6cras6  et  m^connaissable  et  je 
n'ose  pas  le  d^crire  dans  Tetat  od  il  est,  ne  sachant  memo  si  ce  ne  serait  pas  quelque 
type  special."    It  appears,  however,  that  it  is  to  be  figured  in  a  forthcoming  work. 

«  Oeol.  and  Min.  vol.  L  p.  604 ;  Tol.  ii.  p.  101.  Unger,  Gen.  et  Spec.  Plant. 
Foss.  p.  327. 
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Podoearya,  Oarruthen  redesoribed  it  ^  as  of  "  the  size  of  a  large 
orange,  and  composed  of  an  indefinite  number  of  cells,  each  ooA- 
tainingy  near  the  surface,  a  single  longish  seed,  about  the  size  of  a 
grain  of  rice.  The  cells  were  separated  from  the  spadix  by  long 
fibrous  footstalks,  and  were  surmounted  by  hexagonal  tubercles,  in 
the  centre  of  which  could  be  seen  the  remains  of  a  stigma."  The 
resemblance  of  this  fruit  to  that  of  WilliafMonia  when  deprived  of 
its  involucre  should  not  be  overlooked.'  Another  Pandanaceous 
fruit  from  the  Great  Oolite  of  Eingsthorpe,  near  Northampton,  is 
named  Kaidacarpum  by  Carruthers  and  is  thus  described  (p.  155,  op, 
eiL) :  »— 

**  The  fruit  consists  of  a  thick  spadix, — not  so  thick,  however,  in 
proportion  to  the  drupes  as  in  Bryantia  buiyrophora,  Webb.  The 
drupes  leave  the  spadix  at  a  right  angle  about  one-third  from  the 
apex,  those  above  have  an  ascending  and  those  below  a  descending 
direction,  increasing  as  it  reaches  the  fruit-stalk,  which  is  seen  in  the 
fossil,  and  shown  in  the  drawing.  This  arrangement  is  precisely 
that  of  Susaea  eonoidea,  Oaud.  The  drupes  are  rhomboidal  at  the 
base,  spreading  out  laterally  towards  the  apex,  where  their  form  is 
a  broad  compressed  rhomb  two  or  three  times  longer  than  it  is  broad. 
The  cell  containing  the  seed  is  near  the  base  of  the  fruit,  leaving 
only  a  short  pedicle  or  being  really  sessile,  as  in  the  recent  species 
with  single-seeded  drupes.  Each  drupe  contains  a  single  seed  ;  and 
although  the  whole  structure  is  replaced  by  calcite,  yet  the  details 
are  so  beautifully  shown  that  the  connection  of  the  seed  by  an 
internal  unilateral  placenta  adnate  to  the  whole  length  of  the  cell  is 
in  many  cases  obvious.  The  seed  is  ovoid  and  compressed  and 
the  cicatrix  at  its  base,  by  which  it  was  attached  to  the  placenta, 
can  be  detected.'*  A  comparison  of  the  fossil  with  Sussea  eonoidea, 
Gaud.,  places  it  beyond  doubt,  in  the  author's  opinion,  **  that  it  is 
a  true  Pandanaceous  fruit"  Another  less  perfectly  preserved 
species  is  in  the  Woodwardian  Museum  from  tiie  Potton  Sands  of 
Cambridgeshire,  and  figured  by  Lindley  and  Hutton,  but  it  is 
certainly  a  derived  fossil,  and  of  Jurassic  age.  Another  is  recorded 
from  the  Upper  Greensand  of  Wiltshire.     It  was  originally  figured 

>  Geol.  Mao.  Vol.  V.  April,  1868,  PI.  IX.  pp.  163-166. 

'  See  note  ante.  I  was  not  in  the  least  aware  of  Saporta*8  conclusion  when  this  was 
written. 

'  The  mode  of  preservation  is  important,  and  is  stated  to  he  as  follows :—-"  The 
matrix  in  which  it  is  preserred  is  an  amorphous  cream-colonred  limestone,  which  has 
abounded  in  MoUnscan  remains,  hut  the  shells  hare  heen  removed,  and  the  spaces 
the^  occupied,  as  well  as  the  other  larger  cavities  in  the  rock,  are  lined  with  or 
entirely  filled  up  by  crystallized  calcite.  The  fruit  also  is  only  a  cast,  in  the  same 
material,  of  the  cavity  which  originally  contained  it.  The  fine  white  mud  had 
insinuated  itself  into  every  crack  and  opening  of  the  fruit,  and  filled  the  decayed 
interior  of  the  upper  portion  of  the  drupes.  The  walls  of  the  seed  cavity  and  the 
seeds  themselves,  as  well  as  the  outer  membrane  of  the  drupes,  resisted  decay  until 
the  matrix  was  somewhat  compacted.  These  hard  portions  at  length  decayed,  but  the 
insoluble  carbon  remained  as  a  black  amorphous  substance,  giving  an  external  coloured 
coating  to  the  crystallized  carbonate  of  lime,  which  in  the  end  filled  the  cavity,  pre- 
serving in  the  most  perfect  manner  the  form  of  the  fruit,  and  even  some  of  the  minntd 
details  as  to  the  relation  of  the  diferent  parts."    Gbol.  Mao.  l,c. 
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by  Lindley  and  Hutton  as  StrobiUUB  BucUandi,  in  their  FoBf^il 
Flora,  vol.  ii.  pL  129,  published  in  1833-36,  from  a  drawing  by 
Miss  E.  Benett,  made  for  Dr.  Buokland,  withoot  the  least  clue  as 
to  age  or  locality  in  the  descriptive  letterpress.  In  Miss  Benett's 
''  Catalogue  of  the  Organic  Bemains  of  Wiltshire,"  published  in  1831, 
the  only  fossil  referred  to,  which  could  possibly  be  the  Strohililes  in 
question,  is  a  Cycadeoidea  f  from  the  Portland  Beds,  under  the  head- 
ing ''  Woods,"  p.  9.  In  the  first  edition  of  Morris's  Catalogue,  1843, 
it  is  put  down  as  from  "  Gr.  8.  Wilts,"  which  cannot  mean  either 
Lower  or  Upper  Greensand,  the  abbreviations  for  which  are  ''  L.  G. 
S.,"  and  "  U.  G.  S."  but  which  looks  like  a  misprint  for  "  Gr.  0.,"  the 
sign  for  Great  Oolite.  In  the  second  edition  Morris,  1854,  it 
appears  as  from  "  D.  G.  S.  Wiltshire."  The  question  is  whether  in 
correcting  the  printer*s  error  of  the  first  edition,  due  care  to  ascertain 
the  facts  de  novo  was  used.  The  circumstances  are  such  as  to  leave 
the  age  of  the  fossil  in  considerable  doubt 

Part  of  a  similar  fruit  is  also  described  by  Heer  from  the  Cre- 
taceous of  Patoot  in  Greenland. 

A  not  dissimilar  but  still  smaller  fruit  has  been  found  in  the  Coral- 
line Oolite  and  the  Kimmeridge  Clay  in  France.  These,  named 
Ooniolina,  are  small  ovoid,  aggregated  fruits,  like  those  of  Pandanns, 
borne  on  a  naked,  cylindrical  and  relatively  slender  petiole.  The 
heads  of  the  very  numerous  fruits  are  arranged  in  spirals  and  regular, 
dosely  pressed  together  and  barely  a  millimetre  across.  They  are 
of  hexagonal  shape,  and  six  keels  extend  from  the  angles  and  meet 
in  a  raised  point  in  the  centre.  The  interior  axis  is  cylindrical,  and 
impressed  with  scars  made  by  the  bases  of  the  fruits,  completing  its 
likeness  to  Fandanus, 


Ooniolina.  Fruiting  oigan.  From  the  JnraMic,  in  the  Paris  Musenm.  After  Saporta 

and  Marion. 

The  Aroides  Slutterdi,  from  the  Great  Oolite,^  must,  it  appears  on 
the  other  hand,  be  expunged  from  the  list  of  fossil  plants,  for  Dr. 
Woodward  has  well-nigh  conclusive  evidence  proving  that  this 
calcareous  organism  is  part  of  an  Echinoderm,  Apiocrinua  (MiUeri" 
erinus)   Pratiii,     FoteriocrinuB  and  Platycrinus  are  furnished  with 

*  See  paper  by  W.  CarruUierB,  F.B.S.,  Gbol.  Mao.  1867,  Vol.  IV. 
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singnlar  prolongations  emerging  from  the  oalyx,  known  as  the 
"proboscis"  (really  the  efferent  orifice),  which  exactly  resemble 
externally  the  spadices  of  large  Aroideous  flowers.'  Though  the 
oalyx  and  "  proboscis  "  have  not  been  found  united  in  this  particular 
species,  the  fact  that  the  supposed  spadix  is  calcareous,  and  is  far 
from  uncommon  in  a  purely  marine  formation,  renders  it  in  the 
highest  degree  improbable  that  it  could  be  any  portion  of  the  flower 
of  an  Aroid  such  as  XanihoBovM.  These  singular  crinoid  probosces 
were  however  not  known  when  the  determination  was  made.  It  is 
a  remarkable  fact,  that  up  to  the  present,  there  are  no  fossil  representa- 
tives of  the  Aroidea  described,  save  a  single  fragment  from  the 
Tertiary  of  Eriz,  in  Switzerland,  named  Aronites  dubius  by  Heer,  a 
determination  thought  by  Schimper  to  be  doubtful.  Our  Eocene 
Flora,  however,  contains  several  important  representatives  of  the 
group. 

Several  quite  distinct  types  of  Monocotyledons  have  been  recorded 
from  the  Lias,  the  principal  of  these  being  Bamhmium  liasinum, 
Heer,*  a  leaf  very  similar  to  those  mentioned  as  Yucctles  without 
mid-rib  and  with  two  to  four  fine  veins  alternating  with  every  more 
decided  one.  Stems  supposed  to  have  been  solid  and  cylindrical 
and  jointed  are  said  to  have  been  found  associated  with  the  leaves. 
Some  other  fragments  described  as  CyperHes  protogaus,  Heer,  sup- 
posed to  be  a  species  of  Cyperacea,  and  Zo$ieritea  tenui8triatti8f 
Heer,  possess  no  characters  whatever  on  which  any  opinion  should 
have  been  expressed,  and  must  certainly  be  expunged.  The  stems 
of  Endogenites  eroaa,  so  common  in  the  Wealden  and  Neocomian,  are 
now  known  to  be  Cycadeous,  and  it  is  probable  that  the  Draeana-like 
stems  from  Tilgate  Forest  and  elsewhere,  so  often  referred  to  by 
Hantell,  are  referable  to  the  same  group.  There  are  also  many 
Jurassic-Cretaceous  fruits  which  may  quite  conceivably  prove  to  be 
angiospermous,  and  which  deserve  careful  study. 

The  remarkably  fine  stem  I  have  figured  is  in  the  possession  of 
Prof.  Williamson,  who  states  that  it  is  the  Calamiles  Beanii  of 
Bnnbury.'  Sir  Charles,  however,  remarks  on  the  tumid  articula- 
tions, "the  stem  being  much  thicker  in  those  parts  than  in  the 
intermediate  spaces,*'  so  that  he  must  have  had  specimens  of 
EquUetum  eolumnare,  which  occur  abundantly  in  the  same  beds, 
in  his  mind.  In  speaking  of  it  Prof.  Williamson  observes  that 
"so  far  as  external  appearances  are  concerned,  it  more  closely 
resembles  the  stem  of  one  of  the  arborescent  Graminea.  But 
such  appearances  have  very  little  Taxonomic  value.  Nevertheless, 
the  plant  stands  out  in  prominent  distinctness  from  amongst  the 
Ferns,  Cycads,  and  Conifers  that  grew  around  it,  forcibly  suggesting 
the  idea  of  an  arborescent  Monocotyledon  ;  and  if  such  has  been 
its  character,  its  position  amongst  these  older  Oolites  would  make 

^  Although  this  eonelanon  seems  highly  probable,  it  must  be  borne  in  mind  that  at 
pr$9ttU  we  know  of  no  Seemdary  stalkM  orinoid  with  a  **  proboscis  *'  like  FoterioeHmtt 
or  Platifcrinut.    All  the  forms  with  this  appendage  being  of  Palooioic  age.^H.  W. 

*  Heer,  Flora  Helvetia,  p.  188,  pi  65. 

*  Quart.  Joom.  GeoL  8oe.  toL  tiL  p.  189,  (7.  gigtmUut^  Bean  MS. 
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it,  if  not  the  earliest,  one  of  the  earliest  representatives  of  the 
Monocoljtedohoas  group."  ^  The  stem  is  somewhat  compressed, 
and  the  piece  preserved  is  evidently  from  near  the  base,  the  three 
joints  of  whioh  it  is  composed  diminishing  rapidly,  the  £rst 
measnring  2  inches,  the  second  If,  the  third  1^  inches  in  height 
The  diameter  of  the  middle  joint  is  about  5  inches,  but  its  crushed 
condition  has  no  doubt  considerably  added  to  the  width,  whioh 
was  probably  nearer  3^  inches  before  compression.  The  exterior 
has  a  smooth  and  silky  look,  with  fine  longitudinal  veins.  The 
nodes  are  depressed,  about  iV  of  an  inch  wide,  and  bordered  by 
slight  collars  or  thickenings.  The  stem  seems  to  have  been 
hollow,  though  it  may  perhaps  have  l>een  solid  like  the  sugar- 
cane ;  it  has  an  altogether  different  texture  to  that  of  Calamite$ 
or  ^visetum.  There  are  unfortunately  no  other  organs  in  these 
beds  which  can  be  even  tentatively  united  with  it 

Supposed  Monocotyledonons  stem  from  the  Jurassic  of  Yorkshire. 

[Owing  to  the  unfortunate  loss  of  the  wood  engraving  in  transit 
by  rail,  the  figure  of  Prof.  Williamson's  specimen  had  at  the  last 
moment  to  be  omitted,  but  will  be  inserted  in  the  June  Number. — 
Edit.  Geol.  Mag.] 

The  specimen  figured,  Plate  Y.  Fig.  1,  a  and  6,  is  now  in  the  Wood- 
wardian  Museum,  and  is  also  stated  to  have  come  from  the  York- 
shire Oolites.  As  in  all  fossil  vegetables  from  these  deposits,  there  is 
no  interual  structure  preserved,  and  we  are  therefore  only  able  to 
deal  with  the  exterior.  This  appears  to  represent  on  one  side  a  ropy 
ligneous  stem,  slightly  twisted,  and  with  a  half-lunar  section.  On 
the  other  side  is  a  thick,  closely  adherent  spat  he,  rather  smoother 
than  the  stem,  but  furrowed,  very  thick  and  leathery,  acutely  pointed 
at  the  top,  and  narrowed  and  amplezicaul  at  the  base.  The  spathe 
or  pod  is  9  inches  long,  2^  broad,  and  1^  inches  deep  in  its  greatest 
diameter.  There  is  a  slight  swelling  near  the  base,  with  two  or  three 
projections,  as  if  there  were  ovules  under  the  spathe,  then  a  contrac- 
tion, and  then  the  main  swelling  with  apparent  traces  of  more  ovules 
under  it,  especially  towards  the  apex.  The  seeds  or  fruits  would 
appear  to  be  oval  and  about  half  an  inch  in  length.  At  the  base, 
where  the  spathe  joins  the  stem,  its  substance  is  seen  to  be  i^th  of 
an  inch  in  thickness,  and  it  is  an  inch  across ;  the  stem  itself  being 
1^  inches  wide,  rather  compressed  and  squarish.  It  increases  upward 
with  the  spathe,  becoming  more  cresoentic  in  section,  and  again 
diminishes  as  the  spathe  commences  to  taper  to  a  point  Though 
the  transverse  section  reveals  no  structure,  it  shows  clearly  the 
demarcation  between  spathe  and  fruit  and  the  stem. 

It  forcibly  reminds  us  of  some  palm  spathes  and  fruits,  and  if  it 
should  prove  to  be  merely  concretionary,  it  would  certainly  be  a  case 
of  most  extraordinary  mimicry.  Such  a  view  seems  however,  quite 
out  of  the  question,  and  we  cannot  help  regarding  it  as  a  mono- 

^  On  some  ADomaloiu  Oolitic  and  Palasozoio  Forms  of  Vegetation,  E^yal  Institnlon, 
Feb.  16,  1883. 
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ootyledonoQS  fruit  of  some  kind,  and  greatly  regret  that  its  precise 
locality  and  horizon  cannot  be  fixed  with  greater  precision. 

The  supposed  Najadiiay  on  the  other  hand,  is  quite  certainly  no 
Angiospenn,  but  a  Crypt(^m. 

These  remains,  which  must  obviously  have  belonged  to  a  fresh- 
water plant,  occur  in  some  profusion  in  the  fissile  limestone  at  the 
base  of  the  Lias  or  top  of  the  Rhadtics  in  the  neighbourhood  of 
Bristol.^  The  precise  beds  are  called  by  the  Rev.  Mr.  Brodie 
'*  Estheria  beds,"  from  the  quantity  of  Estheria  Brodieana,  var.  (T.  R. 
Jones),  which  they  contain,  while  the  valves  of  a  species  of  Oydas 
are  also  very  abundant  with  them.'  The  plant  remains  were  deter- 
mined by  rrof.  Buckman  to  belong  to  the  Monocotyledons,  and 
named  by  him  Najadita  on  account  of  the  relationship  which  he 
believed  they  bore  to  the  family  of  Najiu  or  Pond-weeds,  and  were 
described  and  figured  in  the  Quarterly  Journal  of  the  G^logical 
Society,  1860,  vol.  vi.  p.  415.  The  supposed  early  appearance  of 
this  group  of  Monocotyledons  has  excited  considerable  interest,  and 
has  frequently  been  quoted  and  referred  to  in  works  on  palsBontology 
and  botany.  Wishing  to  re-examine  them,  I  communicated  with  the 
Rev.  P.  B.  Brodie,  in  whose  cabinet  many  of  the  original  specimens 
are  preserved,  with  the  result  that  a  number  of  them  were  placed 
at  my  disposal 

My  first  examination  convinced  mo  that  far  from  being  Monocoty- 
ledons, they  were  cellular  Cryptogams  of  some  kind,  the  supposed 
rectangular  venation  being  nothing  more  than  the  cell  walls  of  the 
tissue  forming  the  leaf-blades.  I  next  took  them  to  Manchester, 
where  Prof.  Williamson  kindly  looked  at  them,  and  without  a 
moment's  hesitation  pronounced  them  to  be  the  remains  of  cellular 

Slants.  Since  then  Mr.  Carruthers  has  examined  them,  when  Mr. 
tidley,  who  has  charge  of  the  Monocotyledons,  and  Mr.  Murray,  in 
whose  care  the  Cryptogamic  section  of  the  British  Museum  Herba- 
rium is  placed,  were  also  invited  to  express  their  opinions,  the  result 
being  that  all  these  botanists  agreed  in  r^arding  them  as  Crypto- 
gams resembling  Foniinalis  in  habit.  They  in  fact  bear  the  strongest 
possible  resemblance  to  these  fresh- water  mosses,  and  without  wish- 
ing to  place  them  definitely  in  the  genus  Foniinalis^  it  does  appear 
to  me  to  be  useless  to  seek  further  among  existing  plants  for  their 
affinities.  This  group  of  fresh-water  mosses  has  not  previously 
been  included  in  any  fossil  flora,  and  it  would  indicate  a  temperate 
climate,  thus  corroborating  the  evidence  of  the  insects  associated 
with  it,  and  that  the  water  was  limpid,  with  a  feeble  current  I  am 
most  pleased  to  be  able  to  state  that  Mr.  Brodie  quite  concurs  in  the 
transfer  of  his  specimens  to  the  aquatic  mosses.' 
The  Xt/ia,   Benaonia,  and  other  supposed  Monocotyledons  and 


1  Q.J.G.8.  Tol.  Ti.  p.  416,  1860. 

'Mr.  Brodie  informs  me  that  he  regards  them  as  a  junction  bed  between  the  two 
formations. 

'  Mr.  Brodie  has  sinoe  sent  me  a  capsule  from  these  beds,  which  appears  to  belong 
to  the  same  moss. 
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Dicotyledons  of  Bookman  ^  seem  to  be  either  Gyoadaoeons  or  too 
indistinct  to  be  determinable,  and  no  importance  whatever  can  be 
attached  to  their  supposed  Angiospermous  affinities. 

Among  many  specimens  lent  me  by  Mr.  Brodie,  however,  is  one 
undoubtedly  Monocotyledonons  fragment  from  the  Purbeck  of 
Swindon  (Plate  V.  Fig.  2),  three  millimetres  wide,  with  nine 
parallel  equal  longitudinal  veins.  It  has  a  rush  or  grass-like 
appearance,  but  may  possibly  belong  to  an  aquatic  plant. 

The  records  of  some  of  the  supposed  early  Angiosperms  may  have 
escaped  me,  but  some  have  purposely  not  been  included  in  this 
notice,  because  they  are  not  deserving  of  mention. 

No  new  types  come  in  during  the  Lower  Gretaoeous,  and  our 
knowledge  of  the  Angiosperms  of  this  period  remains  in  a  most 
imperfect  state.  There  are  still  jointed  stems  and  occasional 
fragments  of  sword-like  leaves,  and  the  important  Dracana-like 
Eolirion,  of  Schenk.  I  have  found  rolled  pellets  of  palm-like  wood 
in  the  Gault  at  Folkestone,  and,  as  already  stated,  an  organism  in 
the  Grey  Chalk  which  Saporta  pronounced  to  be  a  WiUiamionia. 
The  most  remarkable  thing  is  that  not  the  smallest  trace  of  an 
Angiosperm  has  been  found  in  the  Wealden  deposits,  though  these 
appear  to  have  been  pre-eminently  likely  to  have  preserved  such, 
had  they  existed.  A  host  of  Dicotyledons  as  well  as  many  of  the 
principal  families  of  Monocotyledons,  come  in  with  the  Upper 
Cretaceous,  but  the  relative  ages  of  the  beds  in  which  they  occur 
are  by  no  means  satisfactorily  determined,  and,  as  Floras,  tliey  are 
rather  to  be  grouped  with  those  of  the  Tertiaries  than  those  of  the 
Wealden,  Neocomian  and  Oault. 

The  mystery  in  which  the  early  development  of  Angiosperms  is 
still  shrouded  is  the  more  inexplicable,  since  the  presence  of  a  flower- 
sucking  moth  in  the  Solenhofen  beds  is  a  well-ascertained  fact. 
From  a  remark  made  by  Prof.  Marsh,  at  Aberdeen,  there  is  some 
hope  that  welcome  revelations  regarding  American  Jurassic  Angio- 
sperms may  reach  us  ere  long.  In  the  meantime  I  refrain  from 
encumbering  this  communication  with  any  of  the  obvious  speculations 
that  have  occurred  to  me,  and  probably  to  others,  as  possible 
explanations  of  their  extreme  rarity  in  prse-Cretaceous  deposits. 
The  evidence  tends  to  show  that  Monocotyledons  (?)  of  some  sort 
existed  as  far  hack  as  the  Trias,  possessing  leaves  of  the  most  primi- 
tive type,  such  as  we  now  meet  with  in  Fiicca,  DrcLcana,  etc.,  and 
that  during  the  Jurassics  decided  Monocotyledons,  which  can  be 
placed  in  the  Pandanaeea,  and  others  with  jointed  stems  like 
Gramineaf  flourished  side  by  side  with  more  problematical  plants 
such  as  Wmiamioma.  Little  more  than  this  can  yet  be  said,  though 
Saporta  and  Marion  bring  forward  an  aiTay  of  arguments  and 
inferences  wherewith  to  build  up  a  fiEimily  tree,'  which  if  not  quite 
carrying  conviction,  are  certainly  highly  suggestive,  and  deserve  the 
most  careful  consideration. 

^  Mnrcbisoii  and  Bnckman,  Outline  of  the  Geolo^  of  Cheltenham,  1846. 
*  ETolution  deB  Phan^rogames,  Saporta  and  Marion. 


Digitized  byVjOOQlC 


A.  Smith  fFoodward—On  the  Oenus  Notidanm.        205  -  -^  '^^ 
n. — On  thb  Paubomtolooy  of  the  Sblaohiak  Gsnus  Notidanus,     ^  >  >  ' 

CUTIEB.  ' 

By  A.  Smith  Woodward,  F.G.8.,  A^ 

of  the  British  Mtuemn  (Natural  Historj). 

(PLATE  VI.) 

AMONG  the  Selachians  of  the  existing  fauna,  there  are  none  of 
greater  interest  and  higher  morphological  importance  than 
Notidanus,  Cestradon,  and  the  reoently-disoovered  Chlamydoselachm 
from  Japanese  seas.  These  are  the  solitary  survivors  of  once 
flourishing  types,  whose  immediate  congeners  are  only  known  to 
Biological  science  through  the  fragmentary  remains  preserved  in  the 
geological  record ;  and  the  value  of  the  archaic  features  they  present 
is  even  further  enhanced  by  the  slight  information  already  acquired 
regarding  the  geological  distribution  of  their  numerous  extinct  allies. 

Hitherto,  however,  there  appears  to  have  been  no  attempt  at  a 
systematic  treatment  of  the  Palsdontology  of  the  first  of  these  genera, 
although  the  Cestraciont  and  Cladodont  types  have  i*eceived  a  large 
share  of  attention.  I  therefore  propose  to  offer  a  short  account  of 
the  present  state  of  knowledge  of  this  subject — summarizing  the 
results  of  previous  research,  making  known  a  few  interesting  fossils 
that  have  not  yet  been  described,  and  adding  some  general  remarks 
on  the  extinct  congeners  of  the  NotidanidsB,  so  far  as  they  can  be 
determined  from  the  evidence  of  detached  teeth. 

Briefly  reviewing  the  main  anatomical  features  of  the  living  Noti' 
danus,  in  the  first  place,  there  are  several  peculiarities  especially 
worthy  of  note.  The  skull  is  remarkable  from  its  close  approach  to 
the  amphistylic  type  of  Professor  Huxley.'  Unlike  all  other  living 
Selachians,  the  upper  element  of  the  hyoid  arch  is  extremely  slender 
and  takes  no  part  in  the  support  of  the  pterygo-quadrate  and  man- 
dibular cartilages ;  but  this  is  compensated  for  by  a  distinct  facette 
upon  the  otic  process  which  articulates  with  the  post-orbital  process 
of  the  chondrocranium.'  The  mandibular  and  hyoid  arches  thus 
most  nearly  retain  their  primitive  condition,  and  there  is  also  only 
a  very  slight  advance  upon  this  stage  in  Cestracion : '  in  this  genus, 
the  pteiygo-quadrate  articulates  with  the  pre-orbital  region  of  the 
chondrocranium,  and  the  '*  hyomandibular "  is  only  just  becoming 
worthy  of  that  name.  These  characters  are  so  important,  when 
taken  in  conjunction  with  others  exhibited  by  the  same  types,  that 
in  dividing  the  Selachii  into  four  great  suborders,  Prof.  Theodore 

1  T.  H.  Huxley,  <<  On  Ceratodui  Fortteri,  with  Oheerrations  on  the  Claariftcation 
of  Fishes,"  ^tgc.  Zool.  Soc  1876,  pp.  40-45. 

'  See  excellent  figures  by  C.  Oegenbaur,  **  Das  Eopfokelet  der  Selachier  "  (1872), 
pkte  X. 
■  »  T.  H.  Huxley,  loe.  cU.  p.  42,  fig.  8. 
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OilP  regards  the  Notidanidss  and  the  CeBtraoiontidad  as  the  sole 
existing  representatives  of  the  first  two. 

NotidanuB  is  also  remarkable  for  the  persistence  of  the  notochord. 
One  section  of  the  genos  (Sexanchus)  exhibits  this  gelatinous  rod 
merely  subdivided  by  transverse  membranous  septa»  while  the  other 
(JETeptanchus)  has  annular  cartilages  in  the  sheath  which  only  show 
traces  of  calcification  in  the  region  of  the  tail.' 

As  regards  fins,  the  genus  under  consideration  differs  from  other 
Sharks  (except  Chlawydoselaehus)  in  possessing  only  a  single  dorsal, 
without  spine,  which  is  placed  far  back,  partly  opposite  the  anal. 
The  latter  is  well  marked  off  from  the  caudal.  The  structure  of 
these  locomotory  appendages  in  Noiidanus  \a  also  interesting,  but 
there  is  much  difference  of  opinion  as  to  the  conclusions  to  be  drawn 
from  them.  Prof.  Huxley  has  given  reasons'  for  regarding  the 
pectorals  as  of  a  more  primitive  type  than  those  of  other  living 
Selachians  and  as  most  nearly  related  to  the  so-called  *'  archiptery- 
gium"  of  Ceratodus;  while  Prof.  Mivart*  is  led  to  dissent  entirely 
from  this  interpretation,  and  to  look  upon  it  as  nothing  more  than 
*'  an  ingenious  speculation."  The  latter  has  also  shown  (loc,  ciL) 
how  the  basal  cartilages  of  the  dorsal  and  ventral  fins,  and,  to  a  less 
extent,  those  of  the  anal,  have  become  fused  together  into  a  nearly 
continuous  mass, — a  fact  of  considerable  significance  if,  as  seems 
probable,  the  basals  were  a  parallel  series  of  thin  cartilaginous  bars 
in  the  earliest  forms  of  fin. 

Another  curious  feature  of  NoHdanus  consists  in  its  possession 
of  more  than  five  gill-openings  besides  the  spiracle,  and  in  this 
peculiarity  it  differs  from  all  other  living  Sharks  except  the  Chlamy- 
doaelachus.  Some  of  the  species  have  six  of  these  openings  and 
others  seven ;  and  most  ichthyologists  prefer  to  regard  each  of  these 
types  as  constituting  a  distinct  genus,  the  first  named  being  termed 
Eexanchua,  and  the  second  Meptanchus  or  Eepiranchias,  Dr.  Gun- 
ther,^  however,  is  inclined  to  admit  no  such  separation,  and  as  it  is 
quite  impossible  for  palsBontological  purposes,  it  cannot  be  adopted 
here. 

But  the  points  to  which  the  palsBontologist  is  naturally  led  to 
devote  most  minute  attention  are  those  relating  to  the  harder  struc- 
tures capable  of  preservation  in  the  fossil  state.     And  it  fortunately 

1  In  Jordan  and  Gilbert's  **  SynopsiB  of  the  Fishes  of  Nortih  America,"  BnIL  IT. 
S.  National  Museum,  No.  16  (1883),  p.  967. 

*  See  detailed  descriptions  of  0.  Hasse,  <*  Das  NaturUche  System  der  Elasmo- 
branchier— Besonderer  Theil"  (1882),  pp.  39-62,  pis.  ri.  yU. 

*  Zoe,  eU,ja,  60. 

«  St  G.  Miyarii,  **  Notes  on  the  Fins  of  Elasmobranchs,"  Trans.  Zool.  Soc. 
vol.  X.  (1879).  p.  477. 
>  A.  Giintdier,  «*  Catalogue  of  Fishes  Brit.  Mus."  toL  Tiii  (1870),  pp.  397-399. 
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happens  that  in  the  living  Notidaniclsd  there  are  very  decided  dif- 
ferences in  the  teeth  of  the  various  species.  It  is  also  true,  on  the 
other  hand,  that  the  dentition  of  each  individual  exhibits  a  certain 
variability  in  its  components  according  to  their  situation  in  the  jaw ; 
but  a  careful  comparison  of  actual  specimens,  descriptions,  and 
figures,  appears  to  reveal  a  few  characters  that  are  practically  con- 
stant, and  suggests  the  possibility  of  at  least  determining  detached 
Btde  teeth. 

In  a  typical  species  like  N.  indieus  the  upper  teeth  on  and  near 
to  the  junction  of  the  pterygo-quadrate  cartilages  have  some 
resemblance  to  very  thick,  depressed  teeth  of  Lamna,  without 
lateral  denticles,  but  placed  upon  a  fibrous  base  undivided  into 
radicles.  The  side  teeth  exhibit  one  or  two  distinct  denticles  or 
denticulations  in  front  of  the  principal  cone,  and  an  Increasing  num- 
ber of  small  cones  behind  this,  the  latter  being  larger  in  proportion 
to  the  main  cone  the  more  remote  is  the  tooth  from  the  front  of  the 
jaw.  The  mandible  exhibits  a  single  symphysial  tooth,  with  three 
or  four  laterally  directed  toothlets  on  each  side,  but  no  median  cone ; 
and  then  follow  six  nearly  similar  comb-shaped  teeth,  both  to  the 
right  and  the  left.  In  these,  the  principal  cone  is  serrated  anteriorly, 
and  the  hindermost  tooth — as  in  the  upper  jaw — shows  the  principal 
cone  least  predominant.  At  the  back  of  both  jaws,  there  are  also 
minute  teeth — diminutive  knife-edges  of  enamel,  each  upon  the 
characteristic  form  of  base. 

Besides  the  widely  distributed  species  whose  dentition  has  just 
been  described,  Dr.  Giinther  recognizes  three  others  in  his  British 
Museum  Gat  l^Hshes,  and  about  three  more  have  subsequently  been 
determined  in  America.^  Ichthyologists  thus  distinguish  about 
seven  living  forms  of  Notidanua,  and  on  referring  to  their  published 
diagnoses,  it  appears  that  at  least  three  features  in  their  dentition 
are  specially  looked  upon  as  of  specific  value.  These  are  (i.)  the 
presence  or  absence  of  a  median  tooth,  and  the  presence  or  absence 
of  a  median  cone  in  such  a  lower  tooth  ;  (it)  the  relative  prominence 
of  the  principal  cone  in  the  mandibular  side  teeth — whether  incon- 
spicuous, proportionately  stout,  or  notably  elongated ;  and  (iii.)  the 
character  of  the  denticulations  in  front  of  the  principal  cone  of  the 
lower  teeth.  It  is  obvious  that,  of  these  distinctive  features,  only 
the  two  latter  are  available  to  the  palsdontologist,  except  on  rare 
occasions ;  but  it  is  satisfactory  to  find  that  the  upper  teeth  apparently 
exhibit  the  same  specific  modifications  as  the  lower — e.g.  a  stout  or 
long  cone  in  the  one  corresponding  to  a  stout  or  long  cone  in  the 

1  Jordan  and  Gilbert,  **  Yishw  of  N.  America,''  loe.  ^t.,  p.  62 :  and  S.  Gannan, 
Bnll.  Essex  Institote,  vol  xri.  (1S84},  pp.  66,  67. 
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other — and  it  is  thus  possible  to  restore  the  dentition  of  some  of  the 
extinot  types  with  a  considerable  approach  to  aocoraoy. 

Of  fossil  Notidanidso,  no  undoubted  traces  have  hitherto  been 
recorded  from  beds  beneath  the  Middle  Oolite.  Miinster»'  it  is  true, 
mentions  a  small  tooth  from  the  Lias  as  belonging  to  ^o(tiiafiiis,  but 
no  figure  is  given,  and  there  is  not  sufficient  proof  of  the  accuracy 
of  the  determination.  Oppel '  also  makes  known  another  tooth  from 
the  Upper  Lias  of  Swabia,  which  he  ventures  to  name  specifically 
N.  Atnalthei,  though  evidently  recognizing  the  slendemess  of  the 
grounds  for  this  procedure;  his  figure  shows  nothing  beyond  a 
laterally-compressed  cone,  and  neither  this  nor  the  description 
suffices  to  distinguish  it  from  the  tooth  of  a  large  Oxygnathus.  It  is 
further  interesting  to  note  that  Tate  and  Blake'  have  recorded 
OppePs  species  from  the  Middle  Lias  of  Whitby,  and  this  determi- 
nation is  equally  unreliable:  the  original  fossil  is  said  to  be  pre- 
served in  the  Whitby  Museum,  but  Mr.  Martin  Simpson  has  failed  to 
discover  it  during  a  search  he  has  kindly  undertaken  in  response 
to  my  inquiries,  and  I  am  also  indebted  to  Professor  Blake  for  a 
reference  to  his  note-books,  which  likewise  afford  no  definite  par- 
ticulars. 

The  Oxfordian  N,  conirariuB  and  N.  Miinsteri  are  thus  the  earliest 
species  of  the  genus  at  present  described,  and  with  these  we  oom- 
mence  an  enumeration  of  the  different  specific  types  that  appear  to 
be  distinguishable  upon  the  evidence  of  detached  teeth. 

1.  N.  ooNTRABius,  Miinstcr. 

1843.    N.  eontrariutf  Graf  you  Miinster,  '^Beitr.  zur  Petrefaktenkimde,"  pt.  ri. 
p.  54,  pi.  ii.  fig.  3. 

Founded  upon  a  broken  tooth  from  the  Lower  Oxfordian*  of 
Babenstein,  Bavaria.  The  fossil  exhibits  two  small  diverging  cones, 
with  a  denticle  behind,  but  is  much  too  fragmentary  for  specific 
determination,  and  does  not  appear  to  have  been  recorded  since 
Miinster's  original  description. 

2.  N.  MuNSTBBi,  Agassiz. 

1843.    Jf.  Mumteri,  L.  Agassiz,  «<Bech.  Poiss.  Foes."  toI.  iil  p.  222,  pL  27. 
figs.  2,  3. 

A  species  founded  by  Agassiz  upon  some  detached  teeth  from  the 
Oxfordian  (Weiss  Jura  7,  Quenstedt)  of  Streitberg,  Franconia,  and 
of  Randen,  Schaffhausen,  Switzerland.  The  type  specimen  figured 
exhibits  a  principal  cone  destitute  of  anterior  serrations  and  relatively 
large  both  in  breadth  and  height ;  this  is  followed  by  three  well- 
marked  secondary  cones,  closely  approximated,  and  rapidly  decreasing 
in  size,  and  the  crown  terminates  in  a  small  denticulation. 

"  Miinster,  **  Bi  itrage  zur  Petrefaktenkunde,"  pt.  yi.  (1843),  p.  66. 
>  A.  Oppel,  <<Der  mittlere  Lias  Schwabens,"  Wiirttb.  Jahresh.  toI.  x.  (1864), 
p.  62,  pi.  L  fig.  1. 
»  Tate  and  Blake.  **  The  Yorkshire  lias"  (1876),  p.  266. 
«  This  and  the  other  Jurassic  horizons  have  oeen  kindly  supplied  by  Mr.  Etheridge. 
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There  seems  to  be  no  undoubted  reference  to  teeth  of  this  type 
since  Agassiz'  original  description,  though  the  name  is  mentioned 
in  several  lists  of  Continental  Jurassic  fossils.  The  specimens  from 
Schnaitheim  figured  by  Qnenstedt  as  N.  MUnsteri  are  almost  cer- 
tainly referable  to  a  distinct  form  next  to  be  considered. 

8.  N.  BXiMiTJs,  Wagner.    PI.  VI.  Figs.  3—6. 

1S49.    Jf.  Munsteri,  fieyrich  and  Frischmann,  Zeitschr.  Dentsch.  Geol.  (Resell.  toI.  L 

p.  436,  pi.  vi. 
1852.      „        „        F.  A.  Quenatedt,  «  Handb.  Petr."  p.  167,  pi.  18,  fig.  4. 
1858.      „        „        F.  A.  Quenstedt,  "  Der  Jura,"  p.  662jpl  96,  fi^s.  33,  34. 
1861.    If.  eximiutf  A.  Wagner,  Abh.  k.  bayer.  Akad.  d.  Wiss.  d.  iz.  vol.  iz.  pp. 

292-296,  pi.  iv.  fig.  2. 

The  Lithographic  Stone  (Lower  Kimmeridgian)  of  Bavaria  is  the 
only  deposit  that  has  hitherto  yielded  remains  of  Notidanus  other 
than  detached  teeth.  But  from  this  fine-grained  rock  at  least  three 
comparatively  perfect  fishes  have  been  described,  in  addition  to  one 
other  fragment  of  the  caudal  extremity.  Of  these,  the  finest  speci- 
men was  figured  by  Bey  rich  and  Frischmann,  he.  cit,,  in  1849,  and 
the  subsequent  studies  of  Dr.  Andreas  Wagner  resulted  in  its  being 
separated  from  all  other  known  species  under  the  name  of  N.  eximius. 

The  important  fossil  just  referred  to  was  obtained  from  the 
quarries  of  Eichstadt,  and  is  complete  with  the  exception  of  the  tip 
of  the  tail :  it  indicates  an  original  length  of  about  nine  feet,  and 
exhibits  a  very  definite  outline,  owing  to  the  presence  of  plentifully 
scattered  shagreen  granules  in  the  skin.  The  head  is  rounded  and 
obtuse  in  front,  and  a  considerable  number  of  teeth  are  exhibited  in 
the  region  of  the  mouth.  The  pectoral  fins  are  evidently  larger  than 
the  ventrals,  and  the  anal  is  small  compared  with  the  dorsal ;  the 
latter  is  almost  entirely  in  advance  of  the  anal,  although  appearances 
may  be  deceptive  owing  to  pressure  during  fossilization.  But  the 
most  remarkable  character  displayed  in  this  specimen  is  the  presence 
of  well-marked  annular  cartilages  in  the  sheath  of  the  notochord. 
These  have  been  carefully  studied  by  Dr.  Hasse,^  of  Breslau,  who 
has  shown  that  they  agree  in  microscopical  structure  with  those  of 
the  living  Heptanchus  ;  and  this  Kimmeridgian  form  is  thus  the  only 
fossil  species  hitherto  discovered  that  it  has  been  possible  to  refer  to 
the  correct  subgenus.  The  vertebral  rings  in  the  caudal  region  are 
further  apart  than  in  the  more  anterior  portions  of  the  body. 

The  two  other  specimens  of  Notidanus  from  the  Lithographic  Stone 
are  of  small  size,  not  exceeding  4|  inches  in  length,  and  are  regarded 
by  Wagner  as  probably  the  young  of  the  species  under  consideration. 
No  figures  have  been  published,  but  a  plaster  cast  of  one  of  these 
immature  fishes  is  exhibited  in  the  British  Museum. 

A  group  of  the  teeth  of  N.  eximius  are  figured  by  Beyrich  and 
Frischmann,  and  Wagner  also  represents  a  solitary  example.  The 
drawings  of  the  Eichstadt  fossil,  however,  do  not  appear  to  illustrate 
the  variation  of  the  dentition  in  different  parts  of  the  mouth,  nor  do 
the  authors  offer  any  particular  observations  upon  this  point.    In 

1  C.  Haase,  **  NatQrL  Sysi.  Elaim.— Bemmd.  TheO,'*  pp.  61, 62,  pi.  Tii  figs.  23-26. 
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the  ordinary  lateral  teeth,  the  principal  oone  is  destitnte  of  serrations 
on  its  anterior  border,  and  is  followed  by  three  (or  sometimes  fpur) 
much  smaller  cones.  These  teeth  chiefly  di£fer  from  i^T.  MunsUri 
in  the  wider  interspaces  between  the  successive  cones.  They  are 
also  somewhat  larger,  and  the  apex  of  each  oone  occasionally  ex- 
hibits a  slightly  hooked  appearance. 

Other  teeth  of  the  type  just  described  are  met  with  in  the  Upper 
Oorallisai  beds  of  Schnaitheim,  Wurtemberg,  and  were  origincdly 
figured  by  Quenstedt  (he.  cit)  under  the  name  of  N,  Munsteri. 
Wagner  makes  a  brief  allusion  to  these  at  the  end  of  his  description 
of  N.  eximiuif  and  hints  that  they  may  possibly  belong  to  his  newly 
determined  species,  llie  National  Collection  contains  a  good,  series 
of  specimens  from  the  same  deposit,  which  appear  to  leave  no  doubt 
of  the  correctness  of  this  identification,  and  three  of  these  form  the 
subjects  of  Figs.  3-5.  The  teeth  exhibit  considerable  variation  in 
size — from  one  to  two  centimetres  in  length — and  this  may  be  due 
not  only  to  age,  but  also  to  differences  corresponding  to  the  various 
parts  of  the  jaw.  All,  however,  are  characterized  by  wider  inter- 
spaces between  the  cones  than  is  the  case  in  N,  MUnsteru  In  teeth 
that  are  probably  from  the  front  region  of  the  mandible  (Figs.  3, 4), 
the  principal  cone  is  relatively  longer  and  less  oblique  than  in  those 
further  back ;  while  in  anterior  teeth  of  the  upper  jaw,  the  principal 
cone  is  still  more  prominent  and  placed  erect  upon  the  base.  Fig.  5 
represents  one  of  the  latter  type,  and  the  original  of  fig.  34,  pL  96, 
in  Quenstedt's  **  Jura,"  is  probably  another  from  nearly  the  same 
situation.  Of  lower  teeth,  the  other  illustrations  of  Quenstedt  are 
evidently  characteristic  examples,  and  Fig.  3  is  a  drawing  of  the 
largest  tooth  in  the  British  Museum  Collection ;  this  specimen — ^like 
two  others,  Nos.  22489  and  p.  4708 — is  remarkable  on  account  of  the 
oblique  abrasion  of  the  apex  of  the  principal  cone,  which  appears  to 
have  been  produced  during  the  life  of  the  animal.  The  same  figure 
also  shows  a  slight  crimping  at  the  lower  part  of  the  anterior  edge 
of  the  tooth;  and  fig.  33,  pi.  96,  of  Quenstedt's  "Jura,"  likewise 
exhibits  this  feature  upon  a  greater  extent  of  the  border,  but  there  is 
no  definite  denticulation. 

It  is  interesting  to  add  that  Wagner  further  records  a  single  tooth 
of  N.  eximiuB  from  Baiting,  and  another  from  the  Lithographic  Stone 
of  Nusplingen,  Swabia. 

The  upper  tooth  shown  in  Fig.  6  was  also  obtained  from  the 
Schnaitheim  beds,  but  it  appears  scarcely  referable  to  ^.  eximiui, 
and  must  remain  at  present  specifically  undetermined. 

4.  N.  Waonbri,  Agassiz,  sp. 

1843.    AeUopoa  Wagiuri,  L.  Agassiz,  Bech.  Poias.  Fobs."  vol.  iii.  p.  233. 
1861.    Notidanm    Wagneriy  A.  Wagner,  Abh.  k.  bayer.  Akad.  d.  Wiss.  cl.  ix. 
Tol.  ix.  pp.  296-299. 

In  the  volume  of  the  "Neues  Jahrbuch"  for  1836,  p.  681,  Count 
MtLnster  briefly  recorded  a  Selachian  fossil  from  the  Eelheim  Litho- 
graphic Stone  under  the  name  of  Aellopoa  eHongatus.  It  exhibited 
nothing  more  than  the  hinder  region  of  the  body,  and  its  affinities 
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were  thus  somewhat  problematical,  but  the  distinguished  paladon* 
tologist  just  mentioned  felt  justified  in  regarding  it  as  the  type  not 
only  of  a  new  speoies,  but  also  of  a  new  genus.  Some  years  later, 
when  preparing  his  olassical  work  on  Fossil  Fishes,  Agassiz  con« 
firmed  Miinster's  original  determination,  and  founded  a  seoond  species 
of  AdlopoB — termed  A,  Wagnen — upon  another  specimen  preserved 
in  the  Munich  Museum.  This  likewise  exhibited  only  the  hinder 
region  of  the  body,  but  the  great  relative  size  of  what  was  then 
considered  to  be  the  second  dorsal  fin,  and  the  distinctly  calcified 
vertebral  rings,  were  quite  sufficient  to  separate  it  from  all  fossil 
sharks  at  that  time  known.  No  figures  were  published,  however, 
and  Agassiz'  short  notice  embodied  all  available  information  until 
1861,  when  Dr.  Andreas  Wagner  was  engaged  in  investigating  the 
fish-fauna  of  the  Solenhofen  Stone,  and  succeeded  in  elucidating  the 
problematical  fossil  by  a  reference  to  the  magnificent  specimen  of 
Notidanus  eximius,  figured  by  Beyrich  and  Frischmann.  His  re- 
searches led  to  the  conclusion  that  Miinster's  A,  elongatua  was  really 
a  Squatina  (or  an  allied  genus),  and  that  Agassiz'  A.  Wagneri  might 
be  referred  with  equal  certainty  to  the  genus  Notidanus,  The  con- 
siderable dimensions  of  the  supposed  '*  second  "  dorsal  fin  were  thus 
no  longer  remarkable,  and  the  comparatively  advanced  condition  of 
the  vertebral  column  was  recognized  as  quite  similar  to  that  of  the 
complete  specimen  just  quoted.  Some  minor  differences  are  sufficient 
to  distinguish  N,  Wagneri  from  N.  extmiusy  and  among  others,  may 
be  mentioned  the  relatively  greater  length  of  the  dorsal  fin :  the 
vertebraa  are  also  longer,  and  wide  interspaces  between  them  do  not 
begin  to  appear  before  the  middle  of  the  tail,  whereas  in  N.  eximius 
this  character  is  obvious  quite  at  its  commencement. 

5.  N.  iNTBBMBDius,  Wagucr. 

1861.  y.  inUrmediuiy  A.  Wagner,  he.  eit.  p.  299,  pL  ir.  fig.  3. 

A  species  founded  upon  a  single  tooth  from  the  Lithographic  Stone 
of  Miihlheim,  near  Solenhofen,  and  characterized  by  the  large  size  of 
the  denticulations  in  front  of  the  principal  cone,  which  is  thus  placed 
not  far  in  advance  of  the  middle  of  the  tooth.  Behind  the  principal 
oone  are  five  smaller  ones. 

As  Wagner  observes,  this  determination  is  merely  provisional,  for 
the  dentition  of  N.  Wagneri  is  at  present  wholly  unknown,  and  the 
form  of  tooth  in  question  may  eventually  prove  to  belong  to  the 
latter  species. 

6.  N.  HuosLui,  Miinster. 

1843.    If,  Bifftlia,  Graf  von  Miinster,  ^*  Beitrage  znr  Fetrefaktenkiinde,'^  pt  ▼!. 
p.  64,  pi.  i  fig.  5. 

1862.  „        ,y        (?)  F.  A.  Qnenifftodt,  **Handbiic1i  der  Fetrefaktenkimde,"  p. 

167,  pL  13,  figs.  6,  6. 
1868.      „        „         F.  A.  Quenstedt,  **  Der  Jura,"  p.  619, 

This  species  was  founded  by  Miinster  npon  a  broken  tooth  from 
the  Oorsdlian  of  Gammelshausen,  near  Boll,  Wfirtemberg.  The 
specimen  exhibited  a  large  principal  cone  (without  anterior  serrations) 
followed  by  two  small  cones  of  aboat  one-third  the  size  of  the  first 
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The  originalB  of  the  figures  in  QaenBtedt's  ''  Handbadi "  are  yerj 
much  smaller  than  the  type  speoimen,  and  are  oharaoterized  by  the 
presence  of  anterior  serrations ;  it  is  doubtful,  indeed,  whether  they 
are  truly  referable  to  this  form. 

7.  N.  8ERRATU8,  Fraas.    R.  VI.  Fig.  7. 

1855.    N,  ttrraiut,  0.  Fraas,  Wurttemb.  Jahresh.  toI.  iz.  p.  98. 

1858.      ,,        „       F.  A.  QaenBtedt,  <*  Der  Jura,"  p.  784,  pi.  96,  fig.  44. 

This  species  was  originally  named  by  Fraas,  but  does  not  appear 
to  have  been  completely  defined  before  the  publication  of  Quenstedt's 
work  on  the  Jura.  The  last-mentioned  palaeontologist  records  a 
group  of  about  14  teeth,  naturally  associated,  and  figures  one  of  the 
most  typical  forms,  lliis,  as  a  Jurassic  type,  is  remarkable  on 
account  of  the  number  of  distinct  cones  that  make  up  its  crown, 
atid  the  prominence  of  the  sharp  denticulations  on  the  front  edge  of 
the  principal  cone ;  the  latter  is  comparatively  broad  and  long,  and 
is  succeeded  by  seven  minor  cones,  of  which  the  anterior  is  very 
much  the  largest  The  species  occurs  in  the  Corallian  of  Nusplingen, 
Swabia. 

A  detached  specimen  in  the  British  Museum  (No.  35667),  obtained 
by  the  late  Mr.  Bean  from  the  Oxford  Clay  of  Scarborough,  agrees 
so  closely  with  the  tooth  of  this  species  figured  by  Quenstedt  that  it 
cannot  be  separated  on  present  evidence.  The  fossil  in  question  is 
shown  of  the  natural  size  in  Fig.  7,  and  is  in  an  almost  complete 
state  of  preservation.  The  principal  cone  of  the  crown  is  relatively 
very  large,  and  is  succeeded  by  five  secondary  cones,  while  at  its 
base  in  front  there  occur  three  closely  approximated  denticles,  the 
first  being  of  considerable  size.  Of  the  secondary  cones,  the  most 
anterior  is  directed  sharply  backwards  and  makes  a  wide  angle  with 
the  posterior  edge  of  the  principal  cone ;  it  is  nearly  a  third  larger 
than  that  immediately  following,  and  the  remaining  three  are  quite 
small.  The  base-line  of  the  crown  is  arched,  and  the  lower  border 
of  the  root  has  a  somewhat  crimped  appearance.  This  is  evidently 
a  tooth  of  the  upper  jaw,  and  the  respects  in  which  it  differs  from 
Quenstedt's  figure  are  precisely  those  in  which  the  upper  teeth  of 
living  species  difier  from  the  lower. 

8.  N.  Davimh,  sp.  nov.    PI.  VI.  Fig.  8. 

1871.  Syhodui  pofyprtotiy  J.  Phillips,  **  Geology  of  Oxford,*'  p.  305,  pL  xii.  fig.  18. 
The  scarcity  of  remains  of  Notidanui  in  the  Jurassic  rocks  of 
Britain  appears  somewhat  remarkable  when  it  is  remembered  how 
frequently  they  have  been  recorded  on  the  Continent :  and  in  addi- 
tion to  the  Scarborough  tooth  already  described,  I  have  only  succeeded 
in  meeting  with  two  other  specitnens.'  These  were  erroneously 
referred  to  Hybodus  by  Professor  Phillips,  op,  ciL,  and  they  have 
been  kindly  pointed  out  to  me  by  Mr.  William  Davies,  who  recog- 

1  Betides  otfaen  alreadjr  named,  I  hare  also  to  tiiank  the  follonii^  friends  and 
oorrespoodents  who  hare  londlj  assisted  me  in  the  search  for  Jurassio  mtidanidflo  :«- 
Mr.  £.  T.  Newton,  of  Jennyn  Street;  Mr.  T.  Boberts,  of  the  Woodwatdian 
Museum,  Cambridge ;  Mr.  E.  M.  Platnauer,  of  the  York  Mosenm ;  Mr.  H.  J. 
Moale,  of  the  Dorset  County  Museum ;  and  Mr.  H.  £•  Quilter,  of  Leioester. 
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tiized  their  trae  affinities  some  years  ago  when  identifying  fossil 
vertebrata  in  the  Oxford  Museum ;  I  am  also  indebted  to  the  kind- 
ness of  Professor  Prestwich  for  the  opportunity  of  studying  and 
publishing  a  further  notice  of  the  original  teeth. 

The  specimens  in  question  were  obtained  from  the  Oxford  Clay  of 
St.  Clement's,  near  Oxford,  and  as  they  cannot  be  safely  identified 
with  any  form  at  present  known,  I  propose  to  apply  to  the  most 
satisfactory  tooth  (Fig.  8)  the  provisional  name  of  N.  Davieaii :  the 
Second  fossil  (Fig.  9)  may  possibly  be  a  variety  of  the  same  species, 
but  this  is  at  present  uncertain.  In  the  type  specimen  shown  in 
Fig.  8,  the  principal  cone  is  relatively  large,  both  in  breadth  and 
height,  and  is  destitute  of  serrations  on  its  anterior  border.  This  is 
followed  by  four  rapidly  diminishing  secondary  cones,  and  the  crown 
terminates  in  a  minute  denticulation.  The  apices  and  edges  of  all 
the  cones  are  remarkably  sharp,  and  the  base  is  short  and  l£ick  com- 
pared with  that  of  the  majority  of  later  species.  The  second  tooth 
(Fig.  9)  has  a  very  peculiar  form,  and  consists  merely  of  two  back- 
wardly  curved  cusps,  though  other  small  ones  may  have  been  broken 
away  behind.  The  lower  part  of  the  anterior  edge  of  the  principal 
cone  is  crimped,  and  the  enamelled  sides  of  the  crown  exhibit  vertical 
wrinkles  suggestive  of  those  of  Hybodm, 

N,  Daviesii  appears  to  approach  N,  Munsteri  more  closely  than  any 
other,  but  it  is  easily  distinguished  from  this  species  by  the  different 
relative  proportions  of  the  principal  and  secondary  cones. 

9.  N.  MiOBODON,  Agassiz.    PL  VI.  Figs.  10—15. 

1822.    Tooth  of  Squaituf  O.  A.  Mantell,  "Fossils  of  South  Downs,"  p.  227* 

pi  xxziL  fig.  22. 
1843.    If.  microdon^  L.  Agassiz,  **Ilech.  Poiss.  Foss."  vol.  iii.  p.  221,  pi  27,  fig.  1, 

pi  36.  figs.  1,  2. 
1843  P    „         „        H.  B.  Geinitz,  *'Sohiohteii  und  Petrefaki  d.  6&ch8isch.-hohm. 

Kreidegeb."  p.  38,  pi  ix.  fig.  2. 
1846.     „         „        A.  £.  Reuss,  **  Yerstein.  d.  bOhm.  Ereideform."  pt.  IL  p.  98, 

pi  xliL  fig.  8. 
1860.      „         „        F.  Dixon,  **  Oeol  and  Foss.  Sussex,"  pi  xxx.  fig.  30. 
1878.     „         „        A.  Fritsch,  **  £ept.  u.  Fische  d.  bohm.  Kreidoformation/'  p. 

12  (woodcut). 

Almost  all  the  teeth  of  Notidanus  met  with  in  the  Upper  Cretaceous 
formations  are  referable  to  a  single  widely-spread  species,  N, 
microdon.  This  is  a  small  form  with  a  total  number  of  five  to  nine 
distinct  cones  in  its  side  teeth,  each  of  these  being  slender  and  sharply 
pointed,  and  the  principal  cone  usually  much  elongated  compared 
with  the  remainder:  there  are  also  well- marked. denticulations  on 
the  front  edge  of  the  crown. 

On  examining  a  large  series  of  specimens,  such  as  that  available 
for  study  in  the  British  Museum,  considerable  variations  are  at  once 
apparent ;  but  there  are  scarcely  any  discrepancies  in  size,  and  the 
presence  of  intermediate  forms  renders  it  quite  impossible  to  recog- 
nize more  than  a  single  specific  type.  Some  (Fig.  10)  are  obviously 
ftx)m  the  front  of  the  upper  jaw,  and  consist  only  of  a  single  large 
cone,  with  one  or  two  small  denticles  behind ;  while  the  short  teeth, 
with  prominent  principal  cone  and  4—5  secondary  cones  {e.g.  Figs. 
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11,  12)  may  be  referred  with  almost  equal  certainty  to  situations  in 
the  upper  jaw  somewhat  further  back.  The  elongated  teeth,  which 
belong  to  the  sides  of  the  lower  jaw — and  perhaps  partly  to  the 
upper — usually  have  the  principal  cone  relatively  prominent  (Figs. 
13-^15),  though  in  one  or  two  examples  such  is  not  the  case. 
The  anterior  serrations  are  mostly  fine  and  numerous,  but  in  a  few 
instances  (of  upper  teeth)  they  are  reduced  in  number  and  increased 
in  size. 

Of  British  Cretaceous  strata,  the  various  divisions  of  the  Chalk 
appear  to  yield  the  most  abundant  remains  of  N,  nUerodon,  although 
the  Cambridge  Qreensand  also  affords  a  considerable  number.  The 
National  Collection  comprises  specimens  from  Maidstone,  Burham, 
and  Charing  in  Kent ;  Lewes  and  other  localities  in  Sussex ;  Guild- 
ford in  Surrey ;  and  S  waff  ham  and  Norwich  in  Norfolk. 

10.  N.  LANOKOLATUS,  sp.  nov.     PL  VI.  Fig.  16. 

In  the  Egerton  Collection  of  the  British  Museum  there  is  a  single 
upper  tooth  of  Noiidanus  (p.  1227)  from  the  Gault,  which  it  appears 
impossible  to  identify  with  any  species  hitherto  described.  It  is 
much  larger  than  the  corresponding  teeth  of  N.  microdon,  and  as  its 
most  conspicuous  feature  consists  in  the  comparatively  long  and 
narrow  form  of  the  cones,  I  propose  to  distinguish  this  type  of 
tooth  by  the  provisional  name  of  N.  lanceolatus.  The  principal 
cone  is  relatively  prominent,  and  is  preceded  by  two  very  long 
denticles  :  there  are  three  secondary  cones,  and  the  crown  terminates 
in  a  minute  denticulation.  The  great  development  of  the  anterior 
denticles  renders  it  likely  that  the  lower  teeth  were  somewhat 
similar  to  those  of  N,  pectinaius,  Ag.,  but  the  latter  is  a  much  smaller 
species. 

11.  N.  PEOTiNATUS,  Agassiz. 

1843,    N,  peetinatuty  L.  Agassiz,  *♦  Kech.  Poise.  Fobs."  yoI.  iii.  p.  221,  pi.  36,  fig.  3. 

A  species  founded  upon  a  tooth  from  the  Chalk,  about  the  size  of 
N.  microdonf  but  especially  differing  from  that  form  in  the  c(Hiver8ion 
of  the  anterior  serrations  of  the  crown  into  a  series  of  distinct 
denticles.  This  type  of  tooth  appears  to  be  extremely  rare,  and  I 
have  not  seen  any  examples. 

12.  N.  DENTATus,  sp.  uov.    PL  VI.  Figs.  17,  18. 

Among  the  Selachian  remains  in  a  collection  of  New  Zealand 
fossils  sent  by  Dr.  Hector  to  the  British  Museum  in  1876,  there  are 
two  teeth  from  the  Cretaceous  of  Amuri  Bluff  which  are  undoubtedly 
referable  to  the  genus  Notidanus.  In  several  respects  they  differ 
from  one  another  to  a  considerable  extent,  but  an  acquaintance  with 
the  dentition  of  living  NotidanidsB  can  leave  no  doubt  that  they 
belong  to  a  single  specific  type,  and  that  the  one  is  an  upper  tooth, 
while  the  other  formed  part  of  the  mandibular  series. 

The  lower  tooth,  which  is  shown  of  the  natural  size  in  Fig.  18, 
exhibits  three  small  denticles  in  front  of  the  principal  cone,  the  first 
being  the  largest  and  having  a  recurved  apex,  the  second  slightly 
Bmaller  with  straight  but  backwardly-directed  point,  and  the  thixd 
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very  much  more  minute.  Behind  the  principal  oone,  which  is 
scarcely  more  robust  than  that  immediately  following,  there  are 
ranged  three  other  cones,  of  gradually  diminishing  size ;  and  posterior 
to  these  a  minute  denticulation  is  visible. 

In  the  upper  tooth  (Fig.  17)  the  principal  cone  appears  more 
definitely  contrasted  with  the  others.  In  front  there  are  two  distinct 
denticles,  the  first  being  three  times  the  size  of  the  second,  and  the 
principal  cone  itself  is  placed  almost  vertically  with  respect  to  the 
base-line  of  the  crown,  although  its  anterior  edge  has  a  much  less 
abrupt  slope  than  the  posterior.  Behind  this,  there  are  three  other 
cones  rapidly  decreasing  in  dimensions ;  the  first,  somewhat  inclined 
backwards  and  three-fourths  the  size  of  the  principal  cone;  the 
second,  backwardly  directed  at  a  corresponding  angle,  but  only 
about  one-third  as  large  as  the  first ;  and  the  third,  a  minute,  broad 
acuminate  denticle.  Though  now  imperfectly  shown,  the  base-line 
of  the  crown  was  obviously  arched,  and  the  remains  of  the  root 
indicate  the  usual  configuration  and  robust  proportions  of  an  upper 
tooth. 

On  considering  this  assemblage  of  characters,  the  substitution  of 
distinct  denticles  for  the  ordinary  serrations  on  the  anterior  edge  of 
the  principal  cone  in  tbe  lower  tooth,  is  obviously  the  most  striking 
feature ;  and  hence  it  is  proposed  to  distinguish  the  present  modifi- 
cation under  the  specific  name  of  N,  dentaius.  The  only  other  fossil 
NotidanuB  that  exhibits  this  peculiarity  is  the  very  rare  N.  peetinaius 
from  the  English  Chalk,  but  this  is  a  much  smaller  species,  and 
dififers  in  possessing  a  longer  series  of  cones  behind  the  principal. 
Among  existing  forms,  however,  one  appears  to  be  remarkable  for 
its  possession  of  the  very  same  character.'  This  is  the  little  N. 
pectoroMus  from  the  seas  off  the  Patagonian  coast,  and  Mr.  Oarman's 
description  *  of  the  lower  tooth  of  this  form  agrees  almost  precisely 
with  the  particulars  given  above ;  he  states  that  each  tooth  *<  has  one 
to  two  small,  followed  by  four  moderate-sized,  cusps,  the  anterior  of 
the  four  being  little  if  any  longer  than  the  other  three ;  and,  in  cases, 
there  is  also  a  small  cusp  on  the  posterior  portion  of  the  base." 
Indeed,  in  the  absence  of  figures,  iV.  dentaiu$  can  only  be  distin- 
guished from  N.  pectorosus  by  the  presence  of  one  more  anterior 
denticle  in  its  teeth,  and  by  its  relatively  gigantic  size — for'  the 
Patagonian  species  is  only  16  inches  in  total  length. 

If  subsequent  researches  tend  to  substantiate  the  latter  statement, 
the  fact  becomes  of  unusual  interest,  since  it  was  from  the  same 
deposit  at  Amuri  Bluff  that  Mr.  E.  T.  Newton,  a  few  years  ago,' 
made  known  a  tooth  of  CaUorhynchuSf  differing  only  in  minor  points 
from  0.  antarcticus  of  the  present  southern  seas.  This  living 
Chimsaroid  ranges  through  the  same  ichthyological  province  as  Mr. 
Oarman's  new  species  of  NotidanuSf  and  the  association  of  two  extinct 

'  The  lower  teeth  of  K.  einerms  alflo  exhibit  some  approach  to  this  character. 

*  S.  Oarman,  **  A  species  of  Septranehiat  supposed  ^to  be  new,'*  Bull  Essex 
Institute,  vol  xvi.  (1884)jpp.  66,  67. 

'  £.  T.  Newton,  *'  On  Two  ChimsBroid  Jaws  from  the  Lower  Greensand  of  New 
Zealand,"  Q.  J.  GeoL  Soc.  toL  xxxii  (1876),  pp.  329,  330,  pL  zxi.  figs.  6^9. 
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aUies  in  a  foimation  said  to  be  of  Gretaoeoas  age  in  New  Zealand  is 
a  very  remarkable  ciroumstanoe.^ 

Id.  N.  8SRBATIS8IMUS,  Agassiz.    Plate  YI.  Figs.  23-26. 

1766.    Dens  Squali,  O.  Brander,  "Fossilla  Hantoniensia/'  fig.  111. 

1843.    N,  ierratitsimut,  L.  Agaasii,  "flech.  Poise.  Foas."  Yol.  iii.  p.  222,  pi.  36, 

figs.  4,  5. 
1870.        „  „        F.  Romer,  *'  Geologie  Ton  Obenohleaieii,'*  p.  379,  pi.  48, 

fig.  1.       . 

This  species  was  founded  upon  two  teeth  from  the  London  Clay 
of  Sheppey,  said  to  be  preserved  in  the  collection  of  Dr.  Bowerbank, 
but  not  now  recognizable  among  the  specimens  acquired  by  the 
British  Museum.  The  teeth  are  comparatively  small — the  largest 
I  have  examined  not  attaining  a  length  of  two  centimetres ^and  the 
total  number  of  cones  appears  to  vary  from  five  to  ten,  according  to 
the  situation  in  the  mouth.  The  principal  cone  is  only  slightly  longer 
than  the  first  of  those  immediately  following,  but  it  is  somewhat 
more  robust  and  has  its  anterior  edge  much  produced  forwards  and 
strongly  indented  with  a  series  of  r^^ar  serrations  throughout  half 
its  length.     The  apices  of  all  the  cones  are  more  or  less  blunt. 

Fig.  23  represents  a  typical  tooth  of  this  species,  such  as  was 
known  to  Agassiz.  I  have  not  succeeded  in  satisfactorily  deter- 
mining whether  it  appertains  to  the  upper  or  the  lower  jaw  ;  but  in 
addition  to  this  form  the  London  Clay  also  yields  a  number  of  more 
elongated  teeth,  which  are  undoubtedly  referable  to  the  mandibular 
series.  An  adult  specimen  is  preserved  in  the  Museum  of  Practical 
Qeology,  and  there  are  several  immature  examples  in  the  British 
Museum.  Three  of  the  latter  are  shown  in  Figs.  24-26,  and,  except 
in  size,  they  only  dififer  from  the  adult  in  being  either  destitute  of 
anterior  serrations  or  exhibiting  very  delicate  traces  of  them. 

In  England,  N.  serratiMsimus  appears  to  be  almost  exclusively 
confined  to  the  London  Clay,  rarely  occurring  in  the  Middle  Eocenes 
of  Barton  and  Bracklesham.  On  the  Continent,  however,  Dr.  Bomer 
has  described  (loo.  eit.)  a  similar  tooth  from  the  Lower  Miocene  of 
Zabrze,  Silesia. 

14.  N.  PRiMiGENnis,  Agassiz.    PL  YI.  Figs.  19-22. 

1843.    N,  primiffenius,  L.  Agassiz,  *'Recli.  Poiss.  Foss."  vol.  iii.  p.  21 8»  pL  27, 

figs.  4-8,  13-17. 
1843.     N,  reeurvWf  L.  Agassiz,  ibid,  p.  220,  pi.  27,  figs.  9-12. 
1849.    N.  primigenius,  R.  W.  Gibbee,  Journ.  Acad.  Nat.  Soi  Philad.  ser.  2,  toI.  i. 

p.  196,  pi.  XXV.  fig.  96. 
1862.      „  „         A.  Qaenstedt,  "Handb.  Petrefakt."  p.  167,  pi.  13,  fig.  3. 

1868.      „  „  J.  Probst,  Wiirttb.  Jahreshefte,  Yol.  xiv.  pp.  124-127. 

1877.     „  „         K.  LAwley,  Atti  Soc.  Toecana  Sci.  Nat  pp.  66-68,  pL  i. 

fiffs.  1-6.- 
1877.    y.  reeurvut,  R.  Lawley,  iHd.  pp.  69,  70,  pi.  ii.  fig.  1. 
1879.      „        „        J.  Probst,  Wurttb.  Jahresb.  vol.  xxxv.  pp.  162,  168,  pL  iii. 
figs.  12-17. 

1  In  addition  to  yolidmnus  denttUui^  the  National  Collection  also  comprises  three 
teeth  of  Oxyrhina  and  one  of  Odontaspis  from  t^ese  beds  ;  the  former  Dear  a  very 
close  resemblance  to  the  common  0,  Mantelli  of  the  European  Cretaceous,  though 
there  are  not  sufilcient  materials  to  establish  their  identity ;  and  the  OdotUofpU  is 
indistingiiisbable  from  the  well-known  0.  sudulata  of  the  same  age. 
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1879.    N.  pHmigmwM,  J.  Probrt,  ibid,  pp.  168-162,  pL  iii.  flgs.  1-6. 
1886.     „  „         F.  NoetUng,  Abh.   Oeol.  Specialk.   Preuiseii  a.  Thildng. 

Staaten,  vol.  vi  pt.  3,  pp.  17-19,  pi.  i  figs.  4,  5. 

Among  the  fossil  NotidanidsB,  the  dentition  of  N.  primtgenius 
appears  to  be  more  completely  known  than  that  of  any  other, 
tawley  in  Italy,  and  Probst  in  Wiirtemberg,  have  both  contributed  to 
its  elucidation,  and  though  Agassiz  stated  that  during  his  elaborate 
researches  he  had  only  succeeded  in  determining  lower  teeth,  there 
can  be  little  doubt  no^  that  he  also  figured  some  belonging  to  the 
upper  series.  It  seems  probable  that  fig.  13  of  plate  27  in  the 
"  Poissons  Fossiles'*  really  represents  a  tooth  of  the  upper  jaw ;  and 
if  the  originals  of  figs.  4-S  are  correctly  associated  with  the  others 
(which  is  perhaps  questionable),  these  likewise  must  be  referred  to 
a  similar  situation  :  it  is  almost  certain,  too,  that  the  so-called  N. 
recurvuB  is  an  upper  tooth  of  the  same  species. 

In  the  mandibular  teeth  of  N.  primigenius  (Fig.  22),  the  principal 
cone  is  only  slightly  longer  and  more  robust  than  that  immediately 
following,  but  the  lower  part  of  its  anterior  edge  is  much  produced 
forwards  and  bears  a  number  of  small  serrations,  which  decrease 
in  size  from  above  downwards.  The  secondary  cones  gradually 
diminish  as  they  approach  the  hinder  end  of  the  crown,  and  of  these 
there  are  usually  five  or  six.  The  median  lower  tooth  is  not  yet 
certainly  known,  although  both  Probst  and  Lawley  venture  to  claim 
its  discovery.  The  former  figures  it  as  having  a  median  cone,  while 
the  latter  represents  it  as  possessing  only  lateral  cones — so  that  as 
it  is  impossible  for  these  to  belong  to  the  same  species,  neither  deter- 
mination can  be  accepted  as  correct  until  more  satisfactory  evidence 
of  association  is  forthcoming.^ 

{To  bt  continued  m  ottr  next  Kumher',) 

III. — Nonss  ON  JxTBAssio  Brachiopoda. 
By  8.  8.  BucKMAN,  F.G.8. 

THE  following  notes  relate  to  two  Brachiopods — a  RhynchoneJla 
and  a  Terebratuia — figured  by  the  late  Dr.  Davidson  in  his  last 
plates  in  the  Palsdontographical.  Of  the  first  a  change  of  name  is 
necessary;  of  the  second,  I  consider  that  the  identification  needs 
revision,  and  that  it  deserves  a  separate  name.  Both  species  are 
from  the  Inferior  Oolite. 

Rhynohonklla  liostbaoa,  S.  Buck. 

1883.    RhynehomUa  biiobata,  8.  Bock.,  Brachiopoda  Inf.  Ool  Donet,  Nat  Hist. 

Soc.  Proc.  Yol.  IT.  p.  60. 
1S84.    — — -^    bilobata,   Dayidson,   Appendix  to  Supplement  Brachiopoda, 

Palseontographical  Soc.  Ftoc.  toL  38,  plate  19, 

flgs.  18,  19. 

Having  given  the  above  references,  there  can  exist  no  doubt  as  to 
the  species  intended ;  but  having  subsequently  found  that  the  name 
hilobata  had  been  used  for  a  species  of  BhynchoneUa  previous  to  my 

^  In  his  second  paper  (1879)  Probst  confirms  his  original  determination  (1868)  and 
snggests  that  Lawley's  fossil  probably  belongs  to  ^,  gtgaa  or  N.  Meneghinii, 
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applying  \t  to  ihb  one,  I  take  an  early  opportonity  of  altering  tbe 
name  of  the  species  to  RhynehoneUa  Hosiraca. 

The  late  Dr.  Davidson,  whose  kind  assistance  I  have  so  often 
experienced,  gave  capital  figures  in  his  Brachiopoda  (reference 
quoted  above)  of  this  most  peculiar  species.  In  the  Inferior  Oolite 
of  England  there  is  not  as  far  as  is  known  any  species  that  at  all 
approaches  to  this  one  in  character,  or  with  which  it  could  pos- 
sibly be  confounded.  The  complete  absence  of  any  ribs,  except  just 
at  the  junction  of  the  valves  at  the  base,  has  induced  me  to  give  it 
the  name  of  liostraea.  It  is  an  extremely  rare  form,  and  has  only 
been  met  with  at  a  few  places.  There  are  probably  not  more  than 
eight  or  nine  examples  known.  Its  horizon  is  the  Sowerhyi  zone  at 
one  or  two  quarries  near  Bradford  Abbas  in  Dorset,  and  near  Corton 
Denham  in  Somerset. 

The  late  Dr.  Davidson,  under  the  name  hthhaia,  figured  the  types 
of  this  species,  both  of  which  were  collected  by  myself.  The  one 
represented  in  fig.  18  I  presented  to  Dr.  Davidson,  and  it  is  now 
probably  in  the  Natural  History  Museum. 

The  only  species  at  all  resembling  this  one  with  which  I  am 
acquainted  is  Bhynch.  trigima,  Quenstedt,  Brachiopoda,  plate  40,  fig.  71 ; 
but,  as  I  stated  in  first  describing  this  species,  it  differs  from  Klu 
trtgona  in  having  a  well-marked  deepish  furrow  in  dorsal  valve, 
no  ribs  at  all,  but  only  notched  at  base,  and  dorsal  valve  convex  from 
beak  to  base. 

Tebkbbatula  kuides,  S.  Buck. 

1883.  Ttrtbrutula  dnrsoplana  Buck.,  non  Waagen.    Froo.  Dorset  Nat.  Hist  8oe. 

vol.  iv.  page  14. 

1884.  Tirtbratula  Pieiseheri?    Daridsoii,  non  Oppel.   Brachiopoda,  Palsoont  See 

Proc.  Appendix  to  Siq)plement,  plate  19,  figs.  4-4a,  page  262. 

This  peculiar  biplicated  species  has  been  a  considerable  puzzle. 
As  can  be  seen,  I  referred  it  to  Terebrattda  dorsoplana,  Waagen ;  * 
but  Dr.  Davidson,  in  the  course  of  correspondence  with  Dr.  Waagen 
on  the  subject,  came  to  the  conclusion  that  this  identification  was 
incorrect,  a  view  in  which  I  now  also  concur.  In  fact,  a  comparison  of 
the  beaks  of  the  specimens  as  represented  by  Waagen  and  Daridson 
will  show  the  difference.  The  foramen  in  Waagen's  figure  being 
very  small,  separated  from  the  umbo,  and  showing  the  deltidium, 
while  this  species  possesses  a  large  circular  foramen  almost  touching 
the  umbo.  One  point  that  is  not  quite  brought  out  in  Davidson's 
figure  is  the  rather  pinched  appearance  of  the  beak,  in  consequence 
of  rather  prominent  beak  ridges  and  a  carina  down  the  middle  of 
the  ventral  valve. 

Dr.  Davidson  referred  this  species  to  Terehratvla  Fletseheri,  Oppel, 
but  with  this  I  cannot  agree.  Dr.  Oppel  *  took  as  the  type  of  his 
Tereb,  Fleischeri  the  specimen  figured  by  Davidson,  Jurassic  Brachio« 
poda,  Pal.  Soa  pi.  xiii.  fig.  7,  which  is  an  elongated  slightly  biplicated 
shell,  much  longer  and  narrower  than  the  one  under  discussion,  and 
it  lacks  the  peculiar  beak  ridges  and  pinched  appearance  of  the  beak. 

1  Oeog.  Pal.  Beitra^  plate  31(8),  fig.  7. 
'  Oppel,  Jnraformation,  page  497. 
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Our  speoieB  has  often  been  oonfoanded  with  Tereh.  perovalis.  Sow., 
and  Tereh,  Stephani,  Davidson.  From  the  first  it  is  easily  dis« 
tinguishable  by  its  larger  plioations  and  its  carina  down  the  lai^er 
valve,  but  these  charaoteristics  unite  it  with  Tereb.  Stephani,  from 
which,  however,  it  may  be  distinguished  by  a  shorter,  less  incurved 
beak,  and  its  plications  not  extending  so  far  up  the  valves.  The 
characteristic  beak  ridges  as  mentioned  before  are  not  possessed 
by  either  of  these  other  two  species. 

Terebrattda  euides  is  rather  rare.  It  has  been  found  chiefly  in  a 
quarry  about  two  miles  from  Sherborne,  in  Dorset,  in  a  sandy  bed  at 
the  very  bottom  of  the  MurchisonisB  zone,  along  with  Terebratula 
simplex.  Buck.,  also  at  one  or  two  other  places  near  Sherborne.  It  is 
somewhat  variable  in  width,  and  the  edges  of  the  valves  are  generally 
slightly  thickened  by  lines  of  growth.  I  take  as  the  type  of  this 
species  Davidson's  figure,  Brachiopoda,  Pal.  Soc.,  Appendix  to 
Supplement,  plate  19,  figs.  4,  4a,  which  are  drawn  from  a  specimen 
in  my  collection. 

This  species  is  frequently  longer  and  narrower  than  the  speci- 
men figured  by  Davidson,  sometimes,  but  rarely,  wider.  The  folds 
are  also  slightly  variable. 

IV. — ^Thk  Igneous  Rooks  of  Staknsb. 

By  Grbnvillb  A.  J.  Colb,  F.6.S., 

Demonstrator  in  the  Geological  Laboratory,  Normal  School  of  Science  and  Boyal 

School  of  Mines. 

THE  area  near  Old  Radnor  marked  by  invitingly  igneous  colouring 
on  Sheet  56  S.E.  of  the  Oeological  Survey  Map  deserves  atten- 
tion from  more  than  a  petrographic  point  of  view.  Murchison,  in 
his  '*  Silurian  System,"  has  extolled  the  charms  of  the  surrounding 
scenery,  and  the  Rev.  W.  S.  Symonds  has  repeated  this  admonition 
to  the  tourist  The  borderland  is  in  truth  here  eminently  picturesque, 
from  the  great  escarpment  of  the  Ludlows  to  the  high  moor  of 
Radnor  Forest,  the  very  stratified  deposits  yielding  singular  variety 
of  form.  The  present  paper,  however,  deals  merely  with  one  ridge, 
called  Stanner  Rock,  comparison  being  occasionally  made  with  its 
rival,  Hanter  Hill,  from  which  it  is  divided  only  by  a  narrow  vale. 

Murchison '  in  1839  compared  the  masses  composing  both  these 
hills  to  the  "  hypersthene  "  rocks  of  Loch  Coruisk,  and  stated  that 
a  variety  of  greenstones  and  **  felspar  rock  "  were  also  to  be  found. 
The  differences,  indeed,  between  specimens  obtainable  within  short 
distances  of  one  another  may  accoimt  for  the  fact  that  on  the  Survey 
Map  Hanter  Hill  is  coloured  as  syenite  and  Stanner  Rock  as  green« 
stone ;  whereas  Murchison  clearly  recognized  the  close  relations  of 
the  main  masses  of  the  two.  Dr.  Callaway  has  also  touched  on  the 
constitution  of  these  hills  when  dealing  with  the  Pre-Cambrian 
rocks  of  Shropshire,'  and  mentions  a  compact  grey  felstone  as 
occurring  in  the  centre  of  the  ridge  of  Stanner  Rock. 

It  is,  indeed,  at  once  apparent  when  one  faces  the  bold  cliff  which 

1  Silurian  System,  p.  318,  *  Quart.  Joum.  GeoL  Soc.  toL  xzxt.  p.  660. 
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terminates  Stanner  Bock  that  the  dark  mass  is  traversed  by  pale 
intrusive  veins  of  a  very  different  nature ;  and  an  examination  of 
the  "greenstone"  itself  reveals  a  number  of  dykes  and  veins  of 
every  variety  of  grain,  reminding  one  of  those  cutting  through  the 
gabbros  in  the  mountains  round  Goruisk.  No  true  lavas  or  scoria- 
oeous  products  remain  about  the  flanks  of  Stanner,  as  about  Gomdon 
in  the  north  or  the  Cameddau  farther  west ;  we  have  to  deal  largely 
with  crystalline  materials,  which  divide  themselves  at  the  outset  into 
a  more  acid  and  a  more  basic  series.  The  former,  dearly  intrusive 
in  the  latter,  marks  the  later  stages  of  eruption. 

With  the  relations  of  these  masses  to  the  surrounding  deposits  I 
am  not  as  yet  prepared  to  deal.  Murchison's  prediction  that  igneous 
intrusions  underlie  the  altered  Woolhope  of  Nash  Soar '  has  not,  so 
far  as  I  am  aware,  been  verified,  and  evidence  of  the  penetration  of 
this  crystalline  limestone  by  igneous  veins  is  wanting  at  Brook 
Quarry  and  Tat  HilL  I  have  failed  to  find  satisfactory  junctions 
between  Stanner  and  Hanter  Hill;  but  may  add  that  I  have  not 
found  pebbles  from  these  hills  in  the  ancient  conglomerate  of  Old 
Badnor,  which  underlies  the  Woolhope  Limestone.  It  is  yet  un- 
certain whether  the  local  alteration  can  be  attributed  to  faulting  and 
to  crushing  down  against  hard  earlier  igneous  masses,  or  whether  it 
is  due,  as  Murchison  held,  to  the  intrusion  of  those  masses  in  times 
later  than  Silurian. 

I.  Thb  Acid  Ssbiss. 

The  most  highly  crystalline  member  of  this  series  is  a  pale  pink- 
grey  p^matite — the  word  being  employed  in  its  original  sense  ^ — 
which  passes  from  a  well-developed  graphic  granite  through  finer 
-varieties  to  a  practically  micropegmatitio  form.  This  gradation  is 
beautifully  seen  on  the  edge  of  a  vein  in  Stanner  cliff,  of  which 
a  microscopic  section  has  been  prepared ;  where  the  cooling  has 
been  fairly  rapid,  along  the  line  of  junction  with  the  more  basic 
rook,  a  selvage  of  minuter  graphic  structure  occurs,  graduating  off 
in  a  distance  of  3  millimetres  into  the  normal  ooarser  form  (Fig.  1). 

This  graphic  granite  is  best  developed  in  veins,  not  many  inches 
wide,  on  the  southernmost  summit  of  Stanner  Bock.  Under  polar- 
ized h'ght  the  felspar  presents  the  microoline  structure,  and  extin- 
guishes— as  one  would  have  inferred  from  its  cleavage-surfaces  on 
the  rock-mass — uniformly  over  considerable  areas.  The  areas  of 
entangled  quartz  show  similar  optical  connexion,  as  is  the  case  in  so 
many  pegmatites,  as  though  we  dealt,  not  with  isolated  inclusions 
in  a  felspar,  but  with  a  complex  intergrowth  of  large  quartz  and 
felspar  crystals.  Some  portions  exhibit  a  lamellar  arrangement  of 
the  two  constituents;  but  this  appears  to  have  no  relation  to 
proximity  to  the  edges  of  the  vein. 

The  rook  is  much  cracked  and  faulted,  minute  bands  of  fault- 
rock  appearing  in  microscopic  sections.  Hornblende  prisms,  and 
perhaps  tourmaline,  occur  in  a  subordinate  manner. 

The  less  crystalline  members  of  the  Acid  series  are  found  in 

»  See  «  SUnria,"  6th  edition,  p.  108. 

'  Haiiy,  Traits  de  Min.  2nde  ^t.  tome  iy.  p.  636.  <*  De  mrytna,  c*est-JL-dire 
renfermant  des  pidoes  qui  sont  comme  fich^es  dans  une  mati^re  piindpale." 
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fleveral  dykes  crossing  the  ridge  approximately  from  east  to  west. 
In  the  hollow  north  of  the  pegmatite  summit  there  is  a  considerable 
development  of  grey-white  and  compact  felsite,  which,  from  its 
Irequent  appearance  at  the  surface,  must  form  a  great  part  of 
the  centre  of  the  hill.  In  section  this  rock  is  seen  to  contain 
scattered  porphyritic  crystals  of  quartz,  a  few  plagioclase  felspars, 
and  irregular  patches  of  fibrous  hornblende,  which  is  to  all  appear- 
ance  secondary.  Numerous  small  green  prisms,  often  chloritized, 
are  associated  with  the  matrix,  which  consists  of  closely-set  spheru- 
lites,  often  formed  about  minute  felspars,  the  structure  being  only 
revealed  by  polarized  light.'    The  radial  lines  of  the  spherulites  are 


Fro.  1. — Section  showing  Junction  of  Pegmatite  and  **  Diabase,"  Stanner  Bock,    x  7. 

Fio.  2.— Section  of  Qaartz-Felsite,  Stanner  Bock,  showing  corroded  qnartz  and 
felspar  microlite,  serving  as  centres  to  sphemlitee.     x  70. 

Fio.  S.—Section  of  Aneite-Diortte  (*<  Diabase "),  Stanner  Bock,  showing  inter- 
growth  of  biotite  and  angite.     x  70, 

1  Yery  similar  rocks  from,  eastern  Victoria  have  been  described  by  Mr.  Hewitt 
under  Bosenbusch's  name  of  Qnartz-granophyrite  (^The  Bocka  of  Ifoyang," 
Trans.  Boy.  Soo.  Victoria,  1883). 
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brought  out  distinctly,  but,  in  place  of  the  formation  of  a  black 
cross,  extinction  occurs  in  two,  three,  or  more  sectors  at  a  time, 
which  yield  coloured  polarization  in  intermediate  positions.  This 
points  to  secondary  crystallization  having  set  in,  with  the  usual 
passage  from  a  glassy  or  cryptocrystalline  to  a  microgranular  con* 
dition.  Just  as  the  most  detailed  structures  of  the  original  glass, 
down  to  the  forms  of  the  minute  included  crystallites,  are  preserved 
in  the  secondary  granules  of  our  ancient  rhyolites,  so  here  the 
spherulitic  form  and  structure  remain,  in  spite  of  more  complete 
crystallization  of  the  mass.  Under  higher  powers  the  polarization^ 
effects  of  the  sectors  are  themselves  seen  to  be  complex.  A  delicate 
feathery  structure  has  developed,  sometimes  in  pinnate  diverging 
lines,  sometiines  as  a  mere  network,  and  the  areas  into  which  the 
spherulite  has  divided  have  often  become  thus  minutely  pegmatitic. 
The  network  commonly  extinguishes  in  one  position,  while  the 
interspaces  extinguish  in  another^a  point  best  observed  when 
magnified  some  400  diameters. 

MM.  Fouqu6  and  Levy  have  figured'  a  quartz-porphyry  from 
near  Saulieu,  C6te-d'0r,  which  is  almost  the  precise  counterpart  of 
the  felsitic  rocks  of  Stanner.  They  find  in  the  spherulites  sur- 
rounding porphyritic  and  corroded  crystals  of  quartz  a  network 
that  extinguishes  simultaneously  with  the  pre-existing  central 
crystal ;  a  complete  predominance  of  this  material  in  the  spherulite 
gives  rise  to  what  they  have  termed  Quartz  glohtdaire.  The  micro-> 
pegmatitic  structure  of  these  authors  appears  to  give  similar  effects, 
as  if  the  radiating  lines  of  quartz  were  an  attempt  to  enlarge  in 
optical  continuity  the  crystal  about  which  they  have  developed.^  A 
dyke  running  E.N.E.  in  the  wood  upon  the  northern  slope  of  Stanner 
contains,  in  addition  to  a  multitude  of  orthoclase  and  plagioclase 
microlites,  numerous  corroded  grains  of  quartz ;  each  of  the  latter 
has  served  as  a  centre  of  devitrification  (Fig.  2),  and  in  several 
instances  the  highly-interesting  observation  of  MM.  Fouque  and 
L6vy  may  be  repeated  on  these  British  spherulites.  TVhen  com- 
parison is  made  with  similar  rocks  of  much  more  recent  date,  it 
appears  at  least  probable  that  the  mesh-work  structure  (of  quartz 
and  felspar?)  is  in  reality  of  secondary  origin.  So  far  as  I  am 
aware,  it  does  not  occur,  at  any  rate  freely,  among  the  compactly- 
spherulitic  rhyolites  of  later  Tertiary  days ;  but  in  a  dyke  traversing 
the  Lias  of  Broadford,  Isle  of  Skye,  and  belonging  to  the  pre- 
Miocene  series  of  eruptions,  we  have  what  looks  remarkably  like 
the  commencement  of  such  a  structure  by  alteration.  The  spheru- 
lites mostly  exhibit  a  dark  cross,  with,  however,  a  tendency  towards 
a  granular  condition;  and  the  meshy  micropegmatitic  appearance 
occurs  only  in  a  few  individuals,  in  a  manner  strongly  suggesting 
a  development  of  quartz  among  their  previously  homogeneous  fibres.' 
It  is  quite  conceivable  that  such  secondary  quartz  might  adopt  the 
orientation  of  an  included  and  rounded  crystal,  just  as  it  is  known 
to  do  when  deposited  in  sandstones  from  solution* 

^  Min6ralo^e  micit^rapliiqne,  pi.  xii.  fig.  i.  *  Ibid,  pp.  193-94. 

*  Cf.  Jndd,  Quark  Joum.  Geol.  Soc  toL  zlii  p.  72. 
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In  order  to  Bee  whether  the  felsites  of  Stanner  could  he  corre- 
lated with  the  clearly  acid  and  more  crystalline  pegmatite,  as 
common  offshoots  of  some  granite  mass  helow,  I  made  the  following 
analysis  of  a  specimen  from  the  central  area.  The  specific  gravity, 
determined  from  a  large  specimen  hy  Attwood's  halanoe,  is  2*62. 

SpHBRXTLino  Qxta&tz-Fblsitb,  Stannbr  Bock. 

SiOa 74-80 

Al,Os 13-89 


FejO, 

trace 

CaO 

2-59 

MgO 

•06 

K2O 

2-74 

Na,0 

6-46 

Loss  on  Ignition 

•77 

100-29 

The  rock  helongs,  then,  fairly  to  the  Acid  series,  hut  to  the 
'*  granitite "  rather  than  the  granite  group  ;  similar  proportions 
of  the  alkalies,  implying  a  fair  amount  of  oligoclase-material,  are 
found  even  among  the  rhyolites. 

I  have  not  heen  fortunate  enough  to  find  these  white  felspathio 
rocks  repeated  on  Hanter  Hill,  though  the  community  of  other 
characters  in  the  two  hills  leads  one  to  suspect  that  they  occur. 

n.  The  "Diabase"  Sikibs. 

The  greenstones  that  compose  the  hulk  of  Stanner  Rock  form 
-various  links  in  the  series  between  the  augite-plagioclase  rocks 
and  the  ordinary  homblende-diorite  group.  In  coarse-grained  speci- 
mens from  Hanter  Hill,  as  well  as  from  Stanner,  green  fibrous 
crystalline  areas  occur  that  by  their  extinctions  may  well  be  altered 
enstatite.  The  pale  green  products  that  abound,  however,  are  very 
largely  chloritic,  and  may  be  considered  "  tertiary  *'  in  origin,  when, 
as  is  so  frequently  the  case,  they  are  derived  from  the  acicular  or  the 
more  massive  hornblende  that  is  itself  developed  at  the  expense  of 
diallage  or  angite.  Olivine  was  very  probably  a  constituent  part 
of  the  summit  masses  of  Hanter  Hill ;  and,  following  the  nomen- 
clature adopted  by  Prof.  Judd,^  the  rook  is  there  a  diallage-gabbro 
traversed  by  veins  of  dolerite,  to  which  the  small  rounded  augitos 
give  a  marked  granulitic  structure.  The  felspars  are  extensively 
"  schillerized," '  and  even  the  minuter  augites  of  the  dolerites 
are  in  the  diallage  condition,  chloritic  pseudomorphs  resulting  from 
their  complete  and  final  alteration.  In  one  gabbro  the  passage  from 
diallage  into  hornblende  is  very  beautifully  seen. 

But  many  of  the  greenstones  of  Stanner  show  no  signs  of  former 
olivine,  while  chlorite  is  extensively  developed  in  them  fh)m  diallage, 
augite,  and  green  hornblende.  In  one  fine-grained  holocrystalline 
rock,  with  a  specific  gravity  of  2*86,  biotite  and  augite  are  closely 
intergrown  (Fig.  3),  and  form,  with  plagioclase  felspar,  the  chief 
original  constituents.  Titanoferrite  and  prisms  of  apatite  are  also 
present.    The  biotite  and  the  augite  alike  pass  into  green  products, 

^  ^  Tertiary  Oabbros,  etc.,  of  Scotland,*'  Q.  Joum.  GeoL  Soc.  toL  zlii.  p.  62. 
*  Jndd,  Q.  J.  a.  S.  Tol.  xli.  p.  383. 
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among  wbioli  hornblende  is  oooasionally  recognizable ;  and  quartz 
often  fills  the  interspaces  between  the  sharply-defined  ends  of 
felspar  prisms.  In  other  specimens,  notably  in  a  coarse  variety  on 
the  most  northern  summit,  ophitic  structure  prevails,  the  felspar 
being  labradorite,  according  to  a  determination  by  Szab6's  method 
made  by  Mr.  J.  F.  Brooks.  The  most  finely-grained  rock  of  this 
series  appears  as  a  compact  grey-green  vein  above  Stanner  cliff, 
and,  with  its  porphyritic  plagioclase  felspars  characteristically  cor- 
roded by  the  matrix,  and  its  brown  clouded  patches  of  augite,  at 
first  difficult  of  recognition,  must  be  classed  as  an  augite-andesite, 
and,  when  fresh,  must  have  resembled  many  Tertiary  lava-flows. 
The  whole  of  the  foregoing  altered  series,  from  the  decomposed 
(olivine)  gabbros  to  this  hemicrystalline  vein,  come,  then,  con- 
veniently under  the  head  of  "  Diabase."  It  is,  however,  this  very 
comprehensiveness,  sanctioned  by  long  usage — witness  "Diabas- 
mandelstein" — that  makes  the  name  valueless  when  limited  to  one 
rock-species. 

Prof.  Judd  1  has  recently  pronounced  against  "  Diabase  "  in  favour 
of  "(Jabbro**  for  coarsely-crystalline  rocks  that  can  be  shown  to 
have  contained  olivine  as  well  as  plagioclase  and  augite,  and  has 
discussed  the  current  terminology  from  a  basic  point  of  view.  Since 
there  is  a  growing  tendency  to  employ  "  Diabase  "  for  the  granitic 
augite-plagioclase  rocks,  thereby  defining  closely  what  has  become 
a  really  valuable  field-term,  I  may  perhaps  venture  to  give  briefly  a 
historic  outline  of  the  position. 

In  1813  Alexandre  Brongniart*  put  forward  the  name  Diahtue 
for  rocks  <<compos6e  essentiellement  d'amphibole  hornblende  et  de 
felspath  compacte,"  including  in  this  the  famous  orbicular  rock  of 
Corsica.  Haiiy  •  subsequently  employed  Diortte  (implying  the  dis* 
tinctness  of  the  two  constituents)  for  the  same  rocks,  which  he 
distinguished  from  syenite  by  a  greater  predominance  of  hornblende ; 
and  this  name  prevailed  so  far  that  Brongniart  in  1827*  very  grace* 
fully  yielded  up  his  prior  term — invented,  as  he  pathetically  remarks, 
by  one  familiar  with  ancient  and  modem  languages — lest  science 
should  be  cumbered  with  two  names  for  precisely  the  same  thing. 
He  admits  diallage  and  mica  among  the  accessory  minerals  of  the 
Diortte  which  he  thus  helped  to  establish. 

Diabase  therefore  ceased  to  exist,  until  Hausmann  ^  very  effectually 
revived  it  for  the  series  of  rocks  containing  "  hypersthene,"  labra- 
dorite,  and  chlorite,  varying  in  structure  from  highly-crystalline  to 
scoriaceous,  which  he  found  associated  with  his  two  classes  of 
Diallage-Labradorite  and  "  Hypersthene  "-Labradorite  rocks.  But 
this  ''hypersthene"  being  for  the  most  part  only  a  lustrous  augite, 
analyses  revealing  its  chemical  identity   with  diallage,'  Diabase 

>  Qaart.  Journ.  Geol.  Soc.  toI.  xlii.  pp.  61-2. 

>  **  Eflsai  d*ane  classification  des  roches,"  Jonm.  dee  Minee,  July,  1818. 
3  Traite  de  Min.  2nde  6dit.  tome  iv.  p.  686. 

^  Classification  des  roches  homoff^nee  et  h^t^rog^nee,  p.  80. 
B  Ueber  die  Bildang  des  Harzgebirgee,  1842. 

«  See  Tom  Bath,  **  Chemische  Untenachimgen  einiger  Griiosteine  aus  Schlesien," 
Poggend.  Annalen,  zct.  (1865)  p.  646. 
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natarally  oame  to  oover  all  angite-labradorite-ohlorite  rooks,  of 
vrhatever  grain,  i.e.  (pre-tertiary)  altered  masses  Torging  on  one  side 
into  the  diorito,  and  on  the  other  into  the  (olivine)  gabbro  series. 

What,  then,  are  we  to  do  with  the  highly-crystidline  representa- 
tives of  the  augite-andesites  ?  It  seems  unnecessary  to  extend 
Eucrite  (augite-anorthite  rock),  if  we  can  employ  some  more  familiar 
term.  The  bulk  of  the  gabbros  are,  as  Prof.  Judd  has  shown,  so 
connected  with  the  basalts,  that  we  are  still  left  with  a  gap,  and  into 
this  diabase  has  somewhat  naturally  stepped.  Messrs.  Hague  and 
Iddings  ^  employ  it  in  this  sense,  connecting,  in  their  admirable 
series  of  observations,  diorite  and  homblende-andesite,  diabase  and 
Augite-andesite ;  and  De  Lapparent'  also  makes  of  his  diabases  a 
series  exactly  parallel  to  his  (hornblende)  diorites.  But  the  diffi- 
culty of  thus  defining  their  position  as  distinct  from  diorite  is  shown 
by  TU)ricky's'  use  of  diabase  for  homblende-plagioclase  rocks 
where  the  former  mineral  can  be  shown  to  have  been  derived  from 
angite;  and  the  fact  that  many  diorites  are  in  this  sense  altered 
diabases  must  lead  to  considerable  confusion,^  two  parts  of  the  same 
mass  retaining  the  same  essential  structure,  and  yet  receiving  different 
names. 

Now  Zirkel'  has  long  ago  given  us  a  class  of  augite-dtoritee 
distinguished  from  his  diabase  by  containing  oligoclase  and  not 
Itibradorite;  but  now  that  the  nature  of  the  felspar  no  longer 
restricts  the  diorites,  this  class  becomes  correspondingly  extended 
and  fills  admirably  the  vacant  place.  Augite  and  enstatite  diorites 
should  seem  no  more  strange  than  the  corresponding  varieties  of 
andesite,  and  the  close  relations  of  the  pyroxenes  and  the  amphi- 
boles  appear  to  support  this  comprehensive  view,  viz.  that  the 
diorites  form  a  natural  group,  containing  now  hornblende,  now 
mica,  now  augite,  or  now,  as  in  the  case  of  rocks  at  Stanner,  two  or 
even  three  of  these  constituents. 

Diabase  then  remains  much  where  Hausmann  placed  it,  as  a 
common  term  for  the  more  basio  altered  augitio  rocks,  without 
question  as  to  their  age  or  much  regard  for  structure.  Not  that 
it  is  better  in  itself  than  "  Oreenstone,"  but  that  it  is  sanctioned 
by  more  international  usage.  My  excuse  for  dwelling  thus  far  on 
what  may  seem  foreign  to  the  mere  description  of  the  rocks  of 
Stanner  lies  in  the  fact  that  so  many  areas  of  augite-plagioclase 
rocks  (Augite-Diorites)  occur  upon  our  western  border.  Vague 
and  general  terms  are  too  valuable  to  be  lost  sight  of  in  the 
field ;  but  the  use  of  an  inexact  name  where  another  more  closely 
expresses  an  observed  relationship  can  only  be,  and  has  been  in 
the  past,  a  source  of  misapprehension  and  confusion. 

Many  of  the  rock-sections  above  referred  to  have  been  made,  and 
the  chemical  work  has  been  carried  out,  in  the  Geological  Laboratory 
of  the  Normal  School  of  Science  and  Boyal  School  of  Mines. 

>  Bulletiii  XT.  S.  Geol.  Snirey,  No.  17. 

*  Traits  de  G^l.  2me  6dit.  p.  627.  >  Tseherm.  Mittheil.  iL  (1880)  p.  78. 
A  See  Hague  and  Iddings,  Bull  U.  8.  GeoL  Sunr.  No.  17,  p.  21. 

•  Lehrbuch  der  Petrogr.  (1866)  it  p.  7. 
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I, — Kkpobt  ok  a  Sbriks  of  Speoimsms  of  the  Dbposits  of  thb 
Nile  Delta,  obtained  by  the  Regent  Boeing  Operations. 
By  J.  W.  JuDD,  F.R.S.,  Pres.  Geol.  Soa  Proceedings  of  the 
Bojal  Society,  No.  240,  1886,  pp.  213-27. 

THIS  paper  contains  the  results  of  a  microscopic  analysis  of 
specimens  from  the  borings,  which  have  lately  been  carried  on, 
under  the  auspices  of  the  Royal  Society,  in  three  different  places  in 
the  Nile  Delta.  That  at  Kasr-el-Nil,  Cairo,  was  carried  to  a  depth 
of  45  feet,  whilst  those  at  Eafr-ez-Zayat  and  Tantah,  places  about 
half-way  between  Cairo  and  the  Mediterranean,  were  73  and  84  feet 
deep  respectively.  In  none  of  these  borings  was  the  rocky  floor  of 
the  Nile  valley  reached.  The  beds  passed  through  consisted  of  an 
admixture,  in  varying  proportions,  of  blown  sand  and  alluvial  mud. 
The  sands,  when  examined  under  the  microscope,  are  seen  to  consist 
of  two  kinds  of  grains ;  the  larger,  usually  perfectly  rounded  and 
polished,  are  of  quartzitic  materials  evidently  derived  from  granitic 
Tocks,  with  particles  of  red  and  brown  jasper,  Lydian  stone,  frag- 
ments of  silicified  wood,  nearly  unaltered  felspar  grains,  hornblende 
and  jade.  The  smaller  sand  grains,  often  subangular  and  angular* 
include  a  greater  variety  of  minerals  than  the  larger,  and  comprise, 
in  addition  to  those  above  mentioned,  mica,  augite,  enstatite  (?), 
tourmaline,  sphene,  iolite  (cordierite),  zircon,  fluorspar,  and  mag- 
netite, all  in  a  nearly  unaltered  condition.  These  sand  grains  have 
been  derived  either  directly  from  the  breaking  up  of  granitic  and 
metamorphic  rocks,  or  from  older  sandstones  formed  of  the  debris  of 
these  rocks. 

The  mud  is  singularly  deficient  in  kaolin,  and  seems  to  be  .com- 
posed of  extremely  minute  chips  and  fLf^es  of  quartz,  felspar,  mica, 
hornblende  and  other  minerals,  mingled  with  some  organic  particles 
and  frustules  of  Diatomaceaa.  In  the  Tantah  boring  fragments  of 
tufaceous  limestone  were  also  met  with. 

The  striking  feature  in  the  character  of  these  delta  deposits  is  the 
comparatively  unaltered  condition  of  the  felspars  and  other  oomplex 
silicates  in  the  sands  and  muds,  and  the  absence  of  kaolin.  Under 
the  usual  processes  of  disintegration  of  rocks  in  temperate  dimates, 
the  felspars  and  other  silicates  are  reduced  by  chemical  action  to 
soluble  silicates  of  potash,  soda,  etc.,  and  carried  away  in  solution, 
whilst  the  kaolin  remains  behind.  It  appears,  however,  from  the 
nature  of  these  deposits,  and  from  the  small  amount  of  soluble  solid 
matter  in  the  water  of  Uie  Nile,  notwithstanding  the  concentration 
resulting  from  extensive  evaporation,  that  chemical  action  has  had 
but  little  effect  in  the  drainage  area  of  the  Nile,  in  comparison  with 
the  mechanical  influences  resulting  from  extreme  variations  of  tem- 
perature, the  action  of  the  winds,  and  torrential  rains.        O.  J.  H. 
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IT.-t-TJkbeb  die  Fobbilen  Saugsthibb-Ubberbestb  yon  BaltayIb; 
Von  J.  Pbtho.  Jahresberioht  d.  K.  Ung.  (Jeolog.  Anetalt  fiir 
1884,  pp.  63-73.      Budapest,  1885. 

On  thb  Fossil  Mammalian  Ebmains  fron  BaltavXb.  By 
Dr.  J.  Petho.  Annual  Eeport  of  the  Royal  Hungarian  (Jeo- 
logical  Survey  for  1884. 

ABOUT  35  years  since,  some  remains  of  fossil  mammalia  were 
discovered  near  Baltav4r,  in  the  Trans-Danubian  province  of 
Hungary,  which  Prof.  Suess  determined  to  be  nearly  entirely 
identical  with  tlie  Pikermi  fauna.  They  consisted  of  the  following 
species :  Machairodua  cultridenB,  Jlycena  hipparionum  (=-3".  eximia, 
Gaudry),  Dinotherium,  Ithtnoceros,  Sus  erymanthiua,  AnHlope  hrevu 
comiSf  Helladotherium  Duvemoyi,  and  Hxppotheriwa  yracile.  The 
deposit  was  supposed  to  have  been  exhausted,  but  now  lately  fresh 
remains  have  been  discovered  by  the  Hungarian  Survey,  and  from 
these,  and  from  the  collection  stored  in  an  adjoining  monastery,  Dr. 
Petho  has  determined  the  under-mentioned  list  of  fresh  species, 
which  further  show  a  remarkable  connection  with  those  from 
PikermL  They  include  Mesopithecus  Penteliciy  Wagn.,  Dinotherium 
gigantenm,  Eaup,  Mastodon  Fentelici,  Gaudr.  et  Lartet,  Tragoceros 
amaltheusy  Roth- Wagn.,  Cervus,  sp.,  cf.  Matheronis,  G^erv.,  Chali' 
eotherium  BaUavdrensis,  n.sp.,  and  Bhtnoceros  pachygnathus,  Wagn. 
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The  Subvby  of  Western  Palestine.  Memoir  on  the  Physical 
Oeoloqy  and  Geography  of  Arabia  PETRiSA,  Palestine,  and 
Adjoining  Districts,  With  Special  Referenoe  to  the  Mode 
OF  Formation  of  the  Jordan-Arabah  Dbprbssion  and  the 
Dead  Sea.  By  Edward  Hull,  LL.D.,  F.R.S.,  4to.  pp.  146, 
with  Maps  and  Sections.  (Published  for  the  Committee  of  the 
Palestine  Exploration  Fund,  1886.) 

IT  is  now  generally  recognized  that  the  social  and  political  history 
of  the  inhabitants  of  any  country  has  been  largely  influenced 
by  its  physical  characteristics,  and  that  consequently  in  order  to 
elucidate  the  one,  it  is  necessary  to  obtain  a  thorough  knowledge  of 
the  other.  The  Committee  of  the  Palestine  Exploration  Fund,  in 
its  efforts  to  obtain  a  complete  knowledge  of  the  ancient  inhabitants 
of  Palestine,  took  therefore  a  wise  step  in  organizing  an  expedition 
to  this  country  to  study  its  physical  structure.  Prof.  Hull  was  chosen 
as  the  leader  of  the  expedition,  and  the  present  memoir  gives  the 
outcome  of  his  observations. 

The  geological  features  of  Palestine  and  the  adjoining  regions 
have  for  many  years  past  been  pretty  well  known  through  the  works 
of  several  competent  investigators,  amongst  whom  may  be  mentioned 
Banerman,  Lartet,  Milne,  Fraas,  Ritter,  Russegger,  and  others,  and 
oonsiderable  light  has  also  been  thrown  on  its  geology  by  the 
explorations  of  Zittel  in  the  Libyan  Desert  A  very  excellent 
zesnmg  of  the  existing  knowledge  of  (he  subject  has  b^en  given  by 


Digitized  byVjOOQlC 


228  Reviews— Prof.  EulTs  Survey  of  Palestine. 

Mr.  W.  H.  Hudleston,  in  a  presidential  address  to  the  Geologists* 
Association  in  1882,  to  which  the  same  author  added  farther  notes 
in  March,  1885. 

It  can  hardly  he  expected  that  in  the  coarse  of  the  short  period  of 
two  months,  in  which  the  active  work  of  the  Expedition  was  carried 
out,  Prof.  Hull  should  have  heen  able  to  add  very  materially  from  his 
own  observations  to  the  already  existing  knowledge  of  the  subject. 
But  though  the  contents  of  this  memoir  have  been,  to  no  small 
extent,  derived  from  secondary  sources  of  information,  it  is  still  a 
valuable  contribution  to  the  geology  of  Palestine,  and  the  statements 
and  opinions  it  contains  will  be,  by  many,  more  relied  on  than  those 
of  equally  competent  but  supposed  less  orthodox  investigators.  As 
a  rule,  however.  Prof.  Hull's  researches  confirm  those  of  previous 
investigators.  By  a  strange  irony  of  fate  indeed,  the  author  has 
proved  that  one  of  his  own  pet  theories  of  the  former  outflow  of  the 
Jordan,  through  the  Arabah  valley  into  the  Red  Sea,  is  not  tenable, 
and  he  now  finds  the  water-parting  in  this  valley  to  be  some  hundreds 
of  feet  above  the  level  which  the  waters  of  the  Dead  Sea  basin 
reached,  even  in  their  greatest  extension. 

As  regards  the  ancient  crystalline  rocks  of  the  Sinaitic  region,  the 
author  accepts,  though  somewhat  hesitatingly,  the  views  of  Fraas  and 
others  that  they  are  of  Arch»an  or  Laurentian  age.  On  this  sup- 
position, the  volcanic  series  which  penetrates  through  them  may  be, 
the  author  states,  "  of  Lower  Silurian  age,  but  if  we  consider  the 
older  schists  to  be  metamorphosed  Cambro-Silurian  beds,  then  the 
newer  series  may  be  of  Upper  Silurian  or  of  Devonian  age."  It 
would  be  interesting  to  know  the  grounds,  if  there  are  any,  for  con- 
sidering these  crystalline  schists  to  be  of  Cambro-Silurian  age.  The 
author  says  in  a  footnote,  ''  As  in  the  case  of  those  portions  of  the 
British  Isles  where  the  Lower  Silurian  rockshavebeen  metamorphosed 
previous  to  the  deposition  of  the  Upper  Silurian  beds  to  which  they 
are  unconformable."  We  fail  to  derive  any  assistance  from  this 
remarkably  indefinite  comparison,  and  should  have  preferred  to  have 
had  a  more  particular  reference. 

There  is  a  great  gap  between  the  Archaean  crystalline  and  volcanic 
rocks  of  the  Sinaitic  peninsula  and  the  succeeding  formation  of  purple 
and  red  sandstones,  of  Carboniferous  age,  which  overlie  them  un- 
conformably.  In  the  Wady  Nash  this  sandstone  is  covered  by  a 
band  of  limestone,  in  which  Mr.  Bauerman  discovered  fragmentary 
fossils  of  Carboniferous  age.  Some  doubt  was  thrown  upon  the 
determination  of  these  fossils,  but  this  expedition  obtained  others 
which  decisively  prove  the  Lower  Carboniferous  age  of  the  lime- 
stone, and  the  sandstones  beneath  are  also  regarded  as  of  the  same 
period.  The  band  of  Carboniferous  limestone  is,  in  its  turn,  overlaid 
by  sandstones  of  similar  characters  to  those  beds  below  it,  and 
these  higher  or  Nubian  sandstones  pass  upwards  into  limestones  of 
Cretaceous  age,  and  are  themselves  probably  of  Cenomanian  age. 
In  the  absence  of  the  Carboniferous  limestone  band — which  appears 
to  be  not  extensively  developed — there  are  no  means  of  determining 
whether  the  basal  beds  of  the  variegated  sandstones  are  OarboniferouB 
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or  whether  they  are  wholl  j  Cretaceous  and  belong  to  the  Nubian 
series.  At  the  Wady  Nasb  the  Carboniferous  sandstone  is  from  150 
to  250  feet  in  thickness,  and  Prof.  Hull  assigned  to  it  the  not  very 
distinctive  name  of  '*  the  Desert  Sandstone/'  whilst  for  the  Cretaoeous 
sandstone,  which  has  an  extremely  wide  development  both  in  Palestine, 
the  Sinaitic  Peninsula,  Egypt,  and  the  Libyan  Desert,  the  name  of 
the  "  Nubian  "  Sandstone  is  retained. 

Another  outcrop  of  the  Carboniferous  Limestone  is  believed  to  have 
been  met  with  by  the  Expedition  among  the  hills  of  Moab,  east  of 
the  Qhor,  but  "  for  lack  of  time  "  the  fossils  in  it  were  not  collected, 
and  Prof.  Hull  does  not  therefore  feel  confidence  respecting  its  age. 

No  fresh  details  of  importance  were  noted  respecting  the  Gretaceo- 
Nummulitic  series  of  rocks  of  which  the  greater  part  of  Palestine 
and  of  the  country  east  of  the  Jordan  valley  is  composed.  The 
series  consists  of  the  Nubian  Sandstone  below,  followed  by  thick 
beds  of  limestones  with  bands  of  chert  The  succession  and  the 
character  of  the  rocks  very  much  resembles  that  described  by  Zittel 
in  the  Libyan  Desert,  and  there  is  also  a  similar  absence  of  any 
dear  line  of  demarcation  between  the  limestones  of  Cretaceous  and 
those  of  Eocene  age.  Fossils  appear  to  be  rare  throughout  the 
series — the  Expedition  does  not  seem  to  have  discovered  any  in  fact. 
It  would  be  interesting  to  know  whether  the  numerous  bands  and 
masses  of  flint  and  chert,  which  occur  equally  in  the  Cretaceous 
and  in  the  Eocene  strata,  are,  like  those  of  the  Upper  Chalk  of  Eng- 
land,  derived  from  siliceous  sponges;  but  nothing  is  noted  about 
them  beyond  that  shells  of  Molluscs  and  Echinoderms  now  siliceous 
are  occasionally  found  in  them. 

The  author  briefly  refers  to  the  occarrence  of  beds  of  a  calcareous 
sandstone,  the  presence  of  which  is  stated  to  be  the  key  to  the 
physical  features  of  the  western  margin  of  Palestine  from  Mount 
Carmel  to  beyond  Oaza.  No  thickness  is  assigned  to  the  deposit, 
its  conformability  or  otherwise  to  the  Eocene  limestones  below  is  not 
mentioned,  and  the  only  fossils  in  it  are  unreoognizable  fragments 
of  shells. 

The  author  refers  the  formation  provisionally  to  the  Upper  Eocene, 
"  chiefly  on  the  grounds :  (1)  that  it  is  older  than  the  sand  and 
gravel  of  the  200  feet  sea-border,  which  may  be  inferred  to  date  back 
to  the  Pliocene :  (2)  that  there  is  no  evidence  of  any  Miocene  beds 
in  Palestine ;  and  (3)  that  the  rock  has  a  very  solid  character  and 
is  traversed  by  joint  planes,  similar  to  those  of  the  Cretaceo-Nummu- 
litic  limestone."  The  rock  may  indeed  belong  to  the  Upper  Eocene, 
but  the  grounds  on  which  it  is  so  placed  are  of  the  weakest  character. 
Thus,  because  Miocene  beds  are  not  known  elsewhere  in  Palestine,  is 
certainly  no  argument  why  these  beds  may  not  belong  to  this  period, 
and  as  for  the  very  solid  character  of  the  rock  being  evidence  of  its 
Upper  Eocene  age,  it  is  stated  on  the  preceding  page  that  this  rock 
**  is  8(meUme$  rather  aoUd,  hut  generally  porous," 

With  the  great  uncertainty  respecting  the  age  of  this  calcareous 
sandstone,  it  would  seem  to  be  rather  premature  on  the  part  of  the 
author  to  devote  a  chapter  to  the  subject  of  *'  Miocene  period  unre- 
presented in  Palestine  and  Border,"  in  which  it  is  stated  that  in 
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Palestine  and  Idumar  this  period  is  "  one  of  disturbance  and  eleTation, 
of  faulting  and  flexuring  and  denudation  of  strata." 

In  the  chapter  on  "  Later  Pliocene  to  Recent  Beds  (Pluvial),"  the 
author  points  out  that  after  the  leading  features  of  the  land  and 
coast-lines  had  been  formed  by  denudation,  there  was  a  depression 
of  about  220  feet  in  relation  to  the  present  sea-level.  The  evidence 
for  this  is  the  presence  of  raised  beaches  with  recent  shells  in  the 
vicinity  of  Cairo,  also  near  Gaza  and  Jaffii  at  elevations  of  about  220 
feet  The  author  also  discovered  recent  corals  and  shells  in  gravelly 
beaches  in  the  Arabah  valley  at  elevations  of  80  and  180  feet  above 
the  sea-leveL 

A  depression  of  about  220  feet  would  unite  the  basins  of  the  Red 
Sea  with  the  Mediterranean,  and  at  the  shallowest  part  of  the 
channel  between  them  there  would  be  a  depth  of  160  to  170  feet  of 
water.  On  the  theory  of  the  union  it  is  difficult  to  explain  the 
remarkable  differentiation  which  exists  between  the  faunas  of  the 
Mediterranean  and  the  Red  Sea  at  the  present  day,  for  if  there  was 
such  an  open  channel  in  Pliocene  times,  the  period  which  has  since 
elapsed  does  not  seem  sufficiently  long  to  have  given  rise  to  the 
extreme  dissimilarity  which  now  exists.  Prof.  Hull  assumes  that 
the  two  seas  were  disconnected  in  Miocene  times  and  that  the 
differentiation  which  took  place  in  that  interval  was  not  materially 
interfered  with  by  the  Pliocene  communication  ;  since  the  water  was 
not  deep  enough  to  allow  of  free  commingling  of  the  two  faunas. 
To  roost  natundists  this  will  appear  an  unsatisfactory  and  untenable 
explanation. 

The  author  refers  in  some  detail  to  the  terraces  of  marl  silt  and 
gravel  with  fresh-water  shells  in  the  more  elevated  beds,  which 
mark  the  different  elevations  of  the  water  in  the  Jordan-Arabah 
valley  up  to  a  level  of  about  1400  feet  above  the  present  surface  of 
the  Dead  Sea,  or  about  100  feet  above  the  Mediterranean. 

The  Jordan-Arabah  depression  is  ascribed  to  the  direct  result  of  a 
fault  or  fissure  of  the  crust,  accompanied  by  a  displacement  of  the 
strata,  arising  from  the  tangential  pressure  of  the  Earth's  crust  due 
to  contraction,  and  the  depression  was  produced  at  the  dose  of  the 
Eocene  period.  It  is  thought  probable  that  the  first  waters  of  the 
Dead  Sea  basin  were  those  remaining  from  the  ocean  itself,  and  that 
the  fauna  of  the  Lake  of  Tiberias  may  thus  have  had,  in  the  main,  a 
marine  origin.  The  author  does  not  venture  to  apply  this  theory  to 
the  distinctive  species  of  Umo  and  other  fresh- water  mollusca,  now 
inhabiting  the  Jordan  Valley,  but  regards  the  fishes  as  the  descendants 
of  those  which  lived  in  the  waters  of  the  Eocene  seas.  It  is,  of 
course,  possible,  but  we  should  like  to  have  seen  some  facts  brought 
forward  in  favour  of  the  hypothesis. 

According  to  the  author  this  isolated  basin-full  of  Eocene  salt^ 
water  then  suffered  a  process  of  contraction,  whether  from  evapora- 
tion or  otherwise,  is  not  stated,  and  at  the  close  of  the  Miocene,  or  at 
the  commencement  of  the  Pliocene,  the  waters  had  been  reduced  to 
about  the  level  they  are  at  present,  and  in  the  meantime  the  region 
was  being  carved  out  by  denudation  into  the  hills  and  valleys  of  the^ 
present  day.    This  contraction  is  oorrelated  with  a  similar  reduoti<m 
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in  Tolume  of  the  Mediterranean  Sea — ^whether  both  originate  from  a 
common  cause  is  not  stated  ;  but  whilst  the  reduction  of  the  Mediter- 
ranean is  inferred  to  have  taken  place  "at  an  epoch  not  very  remote 
and  which  may  be  represented  by  the  Interglaoial  stage  of  the 
Quaternary  period/'  the  reduction  of  the  Dead  Sea  is  placed  further 
back,  at  the  beginning  of  the  Pliocene. 

The  next  stage  in  the  geological  history  of  the  Dead  Sea  to  which 
the  author  introduces  us  is  that  of  '•  The  Pluvial  Period  (Pliocene 
and  Post-Pliocene)/'  in  which  there  was  a  general  subsidence  of  the 
whole  region  bordering  the  Levant  and  a  general  rising  of  the 
inland  waters,  till  the  Jordan- Arabah  depression  was  filled  by  a 
lake  (fresh- water  ?)  over  200  miles  in  length  and  over  2000  feet  in 
depth.  This  great  change  appears  to  have  been  produced  by  the 
climate  of  the  Glacial  period,  when  the  temperature  of  Palestine  is 
stated  to  have  been  25^  Fah.  lower  than  at  present,  and  the  climate 
resembled  that  of  the  British  Isles.  But  the  Dead  Sea  basin  even^ 
then  was  not  filled  to  the  brim,  and  it  would  at  that  time  have 
required  no  small  engineering  capacity  to  have  cut  a  canal  through 
the  water  parting  in  the  Arabab  valley,  to  unite  its  waters  with  those 
of  the  Bed  Sea. 

Subsequently  to  the  Pluvial  period  we  are  told  by  the  author  that^ 
the  more  modem  physical  conditions  set  in,  and  by  gradual  degrees 
the  waters  in  the  Dead  Sea  basin  were  for  a  second  time  reduced  to 
the  low  level  now  existing. 

The  author  devotes  a  special  chapter  to  the  "Origin  of  the  Saltness 
of  the  Dead  Sea,"  from  which  it  appears  to  be  his  opinion  that  it  is 
merely  owing  to  the  concentration  by  evaporation  of  the  saline 
ingredients  which  the  rain-water  of  rivers  and  streams  has  dissolved 
out  of  the  strata  through  which  it  passes. 

The  author  makes  the  following  novel  comparison  between  the 
water  of  salt  lakes  and  that  of  the  ocean  :  '*  It  is  probable  that  the 
'water  of  the  ocean  itself  has  become  salt  owing  to  the  same  cause 
which  has  produced  saltness  in  the  inland  lakes,  as  it  may  be  re- , 
garded  as  a  mass  of  water  without  an  outlet."  It  is,  however,, 
arguing  in  a  circle  to  attribute  the  saltness  of  the  ocean  to  the  land, 
whilst  the  land  itself,  including  the  salt  (leaving  eruptive  rooks  out 
of  the  question),  may  be  attributed  to  the  ocean.  . 

The  author  makes  no  allusion  to  what  has  become  of  the  enormous 
mass  of  solid  materials  which  has  been  removed  from  the  surface  of 
the  drainage  area  of  the  Dead  Sea,  and  carried  into  its  basin.  Some , 
of  it  is,  of  course,  represented  by  the  terrace  deposits,  but  we  can 
hardly  account  for  the  rest,  without  supposing  that  the  depression 
of  the  Dead  Sea  has  originally  been  much  deeper  than  it  is  now, 
and  that  it  has  been  partially  infilled. 

In  an  appendix  Mr.  F.  W.  Budler  describes  the  microscopic 
structure  of  the  specimens  of  crystalline  rocks  collected  by  Prof. 
Hull  in  Arabia  Petrsda. 

The  work  is  illustrated  by  two  geological  maps  and  by  numerous 
sections  and  profiles  which  show  very  distinctly  the  stratigraphioal . 
relations  both  of  Palestine  itself  and  the  Sinaitic  peninsula. 
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L— March  24,  1886.— Prof.  J.  W.  Judd,  F.R.S.,  President,  in  the 
Chair.     The  following  oommunioations  were  read : — 

1.  "  On  the  Gtenus  Diphyphyllum,  Lonsdale."  By  James  Thom- 
son, Esq.,  F.Q.S. 

The  author  commenced  hy  giving  a  definition  of  the  genus  Diphy- 
phyUum,  and  then  proceeded  to  discuss  its  relations  with  some 
allied  forms,  such  as  Lithostroiion,  Zithodendran,  and  Campophyllum. 
DiphyphyUum  was  shown  to  be  restricted  in  Scotland  to  the  lower 
portion  of  the  Carboniferous  system,  and  not  to  have  survived  the 
great  development  of  volcanic  action  in  the  upper  part  of  the  Car- 
boniferous-Limestone series,  whereas  in  Belgium  and  elsewhere  the 
range  of  this  genus  was  more  extensive. 

It  was  shown  that  in  DiphyphyUum  reproduction  took  place  both 
by  fissiparity  and  by  calicuiar  gemmation,  examples  of  both  forms 
being  cited.  It  was  also  pointed  out  that  the  development  of  central 
vertical  plates,  showing  a  tendency  to  a  passage  into  ZithostroUont 
was  due  to  the  corals  having  lived  in  a  sea  periodically  affected  by 
the  influx  of  sediment  from  the  neighbouring  shore. 

After  a  history  of  the  views  held  by  different  writers  since  Lons- 
dale, and  especially  by  M'Coy,  Milne  Edwards  and  Haime,  Hall, 
Billings  and  De  Eoninck,  on  corals  referred  to  this  generic  type,  the 
author  gave  a  description  of  the  species  found  in  North  Britain,  ten 
in  number,  of  which  seven  were  new ;  and  after  pointing  out  their 
differences,  showed  that  all  exhibit  a  tendency  to  vary,  and  that,  if 
a  sufficient  series  were  available,  a  passage  might  be  traced  not  only 
between  these  different  species,  but  between  DiphyphyUum  and  the 
various  allied  genera. 

2.  '<0n  additional  Evidence  of  the  Occurrence  of  Glacial  Con- 
ditions in  the  Palsdozoic  Era,  and  on  the  Geological  Age  of  the  Beds 
containing  Plants  of  Mesozoic  Type  in  India  and  Australia."  By  Dr. 
W.  T.  Blanford,  P.R.S.,  Sec.  G.S. 

After  recapitulating  briefly  the  principal  facts  known  as  to  the 
correlation  of  the  Karoo  formation  of  South  Africa,  the  Gondwana 
system  of  India,  and  the  Coal-measures  and  associated  beds  of 
Eastern  Australia,  and  especially  noticing  those  phenomena  in  the 
different  strata  that  had  been  attributed  to  the  action  of  ice,  the 
author  proceeded  to  describe  the  additions  recently  made  to  previous 
knowledge  by  various  members,  past  or  present,  of  the  Geological 
Survey  of  India,  and  especially  by  Mr.  R.  Oldham  and  Dr.  Waagen. 
These  additions  had  recently  been  published  in  the  Becords  of  the 
Geological  Survey  of  India. 

Mr.  R.  Oldham,  in  a  recent  visit  to  Australia,  had  come  to  the 
same  conclusion  as  all  other  geologists  who  had  visited  the  country, 
and  clearly  showed,  as  the  Bev.  W.  B.  Clarke  and  many  others  had 
done,  that  beds  containing  Olossopteris,  FhyUotheca,  and  Noeggera" 
ihiopsis  were  intercalated  among  marine  beds  with  Carboniferous 
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fossils.  The  age  of  these  marine  beds  was  shown  by  Dr.  Waagen 
to  be  that  of  the  Earopean  Goal-measures.  Mr.  Oldham,  had  how- 
ever, further  asoertained  the  presence  in  abundance  of  smoothed 
and  striated  boulders,  evidently  transported  by  ice,  in  the  marine 
Carboniferous  beds  north  of  Newcastle,  N.S.W.,  and  he  consequently 
considered  these  beds,  and  not  the  overlying  Hawkesbury,  the 
equivalents  of  the  Bacchus-marsh  beds  of  Victoria,  and  of  the  Tal- 
chirs  of  India,  a  view  which  was  in  accordance  with  the  relations 
of  the  fossil  flora. 

Meantime  Dr.  Waagen  had  received  from  Dr.  H.  Warth  some 
fossils  from  the  Salt-range  of  the  Punjab.  The  fossils  came  from 
the  upper  part  of  a  boulder-bed,  the  resemblance  of  which  to  the 
Talchir  group  at  the  base  of  the  Oondwana  system  had  long  been 
recognized,  but  which  had  hitherto  been  classed  with  a  stage  im- 
mediately overlying,  containing  Upper  Cretaceous  fossils.  The 
fossils  now  found  by  Dr.  Warth  included  two  forms  of  Convlaria 
found  in  the  Australian  Carboniferous  rocks,  besides  some  other 
species  evidently  of  Carboniferous  age.  Dr.  Waagen  consequently 
classed  the  boulder-bed  together  with  other  similar  formations  in 
other  parts  of  the  Salt-range  as  Carboniferous.  There  was  one 
difficulty,  the  fossils  just  referred  to  were  considered  by  Mr.  Wynne 
to  be  contained  in  pebbles  derivative  from  another  bed.  It  was, 
however,  shown  that  this  did  not  affect  the  age  of  other  boulder- 
beds  in  the  Salt-range,  and  that  the  latter  were  connected  with  the 
Talchir  beds  in  Central  India  by  another  discovery  of  Mr.  K  Old- 
ham's that  a  boulder-bed  in  the  Indian  deserts  was  also  probably  of 
Talchir  age,  and  that  the  question  as  to  whether  the  nodules  con- 
taining the  Convlaria,  etc.,  were  concretions  or  pebbles^  might  await 
further  examination  in  the  field. 

Another  contribution  to  the  question  had  been  made  by  Mr. 
Griesbach,  who  had  recently  found  a  boulder-bed  which,  from  its 
character  and  fossils,  he  considered  as  Talchir,  in  the  neighbourhood 
of  Herat 

It  was  pointed  out  that  the  existence,  over  snch  extensive  areas, 
of  boulder*beds,  all  of  which  might,  without  any  improbability,  be 
of  approximately  the  same  age,  rendered  it  highly  probable  that  all 
were  really  contemporaneous  and  due  to  one  Glacial  period ;  that 
this  period  must  have  been  towards  the  dose  of  the  PalaBozoic  era, 
which  it  may  possibly  have  terminated  by  exterminating  many  of 
the  principal  forms  of  life.  The  peculiar  flora  of  the  Australian 
Newcastle  beds  and  of  the  Indian  D^udas,  having  nothing  in  com- 
mon with  the  contemporaneous  European  Carboniferous  flora,  afforded 
an  important  proof  of  distinct  botanical  provinces  in  past  times. 


II.— April  7,  1886.— Prof.  J.  W.  Judd,  F.R.S.,  President,  in  the 
Chair. — ^llie  following  communications  were  read : 

1.  "On  Glacial  Shell-beds  in  British  Columbia."  By  G.  W. 
Lamplngh,  Esq.    Communicated  by  Clement  Beid,  Esq.,  F.G.S. 

This  paper  was  divided  into  two  parts,  relating  respectively  to 
Vancouver  Island  and  the  Eraser  Valley.    Having  to  spend  nearly  a 
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month  at  the  city  of  Victoria  in  1884,  the  author  had  leisure  for  thtf 
investigation  of  Uie  geological  features  of  the  district,  but  he  expressed 
bis  regret  that,  at  the  time,  he  was  unacquainted  with  the  publications 
of  Mr.  Bauerman  and  Dr.  Dawson  on  the  subject 

The  most  important  shell-beds  were  disclosed  in  an  excavatbn  for 
a  dry  dock  at  Esquimault,  Y.!.  Here  a  fissure  in  an  igneous  rock 
had  been  filled  in  by  glacial  beds.  Shells  were  most  numerous  on 
tike  north  side  of  the  dock  in  Boulder-day,  associated  with  irregular 
sandy  seams,  the  whole  being  softer  than  the  general  mass.  The 
containing  rock  was  not  glaciated  at  this  point.  Xeda,  iVtictila, 
Cardium,  TeUina,  Mya,  and  Saxieava  are  the  principal  genera. 

There  was  great  difference  in  the  state  of  preservation  according  to 
position;  the  shells  below  the  water-line  being  remarkably  fresh, 
while  acidulous  waters,  engendered  by  vegetable  decay,  had  attacked 
the  upper  portions. 

The  author  concludes  that  the  whole  mass  of  drift,  including  the 
shells,  had  been  pushed  up  by  ice  in  its  passage  southwards.  The 
general  mode  of  occurrence  was  very  similar  to  that  at  Bridlington. 
He  further  observed  that  the  tocks  were  not  striated  in  the  first 
instance  by  these  shelly  clays,  but  he  believed  the  glaciation  to  have 
taken  place  through  the  action  of  harder  substances,  and  that  after- 
wards a  milder  term  set  in,  when  an  arctic  fauna  established  itself  in 
the  neighbourhood,  after  which  fresh  ice  pushed  the  sea-bottom  along 
with  other  accumulations  into  its  present  position. 

The  shell-beds  in  the  Fraser  Valley  are  about  100  feet  above  sea- 
level.  Three  sections  of  glacial  beds  were  given.  The  stratified 
clay  in  which  the  shells  were  found  contains  no  pebbles,  and,  though 
somewhat  disturbed,  has  evidently  been  deposited  where  it  now 
occurs. 

2.  "On  a  Lower  Jaw  of  Macharodus  from  the  'Forest-Bed,* 
Kessingland."    By  James  Backhouse,  Esq.,  F.G.S. 

The  author  believed  that  hitherto  no  example  of  a  lower  jaw  of 
Macharodus  has  been  met  with  in  this  country;  he  consequently 
gave  a  detailed  description  and  measurements  of  a  right  mandibular 
ramus  obtained  by  him  from  the  Forest-bed  at  EessingUnd,  in  Suffolk. 
Owing  to  the  imperfect  condition  of  the  incisors  and  canines,  it  was 
impossible  to  say  whether  these  teeth  were  serrulated  or  not,  and 
consequently  it  was  uncertain  whether  the  bone  belonged  to 
Macharodus  cultridens  or  M,  latidens, 

3.  "  A  Contribution  to  the  History  of  the  Cetacea  of  the  Norfolk 
'  Forost-Bed.' "     By  E.  TuUey  Newton,  Esq.,  F.G.S. 

This  paper  was  principally  devoted  to  the  description  of  two  fossil 
specimens.  The  first  of  these  was  a  tooth,  shown  by  external  and 
microscopical  characters  to  have  belonged  in  all  probability  to  the 
Sperm-whale,  Physeter  macrocephalus.  The  specimen  was  obtained 
by  Mr.  Clement  Eeid,  at  Sidestmnd.  The  second  fossil,  also  from 
Sidestrand,  and  now  in  the  possession  of  Mr.  James  Backhouse,  con- 
sisted of  the  right  half  of  the  seven  anchylosed  cervical  vertebrae  of 
a  species  of  Balana.  The  specific  determination  was  less  certain  in 
this  case ;  but  the  form  approached  most  nearly  to  that  of  B.  biscay* 
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ensis.  Of  other  vertebrsB  from  the  Forest-bed,  one,  a  caudal,  was 
deferred  to  Balana  ;  another,  from  the  lumbar  region,  to  Balcmoptera: 

The  following  specimens  were  exhibited : — 

A  series  of  Plant-remains  from  the  Cromer  Forest-bed,  exhibited 
by  Clement  Eeid,  Esq.,  F.Q.S. 

Specimens  from  the  Shell-beds  in  British  Columbia,  exhibited  by 
G.  W.  Jjamplngh,  Esq.,  in  illustration  of  his  paper. 

Specimens  from  the  "Forest-bed,"  exhibited  by  James  Backhouse, 
Esq.,  and  E.  Tulley  Newton,  Esq.,  in  illustration  of  their  papers. 


coE.E.Esi^oisrx)EifroE. 


ON  THE  DISTRIBUTION  OF  HIPPOPOTAMUS  AUPHIBIU8. 
Sib, — I  have  lately  read  with  great  pleasure  Dr.  Henry  Wood- 
ward's interesting  and  instructive  article,  on  "  Becent  and  Fossil 
Hippopotami,"  published  in  Dec.  ID.  Vol.  HI.  1886,  pp.  114-118, 
of  this  Magazine.  In  that  paper.  Dr.  Woodward  assigns  to  the  two 
species  of  Hippopotamuses  die  tropical  or  warmer  parts  of  Africa  as 
their  present  habitats.  As  a  generalization  of  their  present  distribu- 
tion, this  statement  may  be  accepted  as  strictly  correct,  but  during  my 
journey ings  in  South  Africa,  in  the  upland  regions  of  Natal,  the 
Orange  Free  State,  and  elsewhere,  I  was  surprised  to  find  some  of 
the  reedy  ''  vleys  "  or  lakes  called  ''  Leekoe  Vley.**  Such  a  name  is 
in  itself  evidence  that  the  Boer  immigrants,  or  early  settlers,  found 
Hippopotamuses  in  such  localities ;  indeed,  I  have  been  informed  by 
old  settlers  that  such  had  been  the  case  in  their  own  knowledge,  or 
6lse  that  the  natives  had  told  them  of  the  former  existence  of  the 
animals  in  such  places.  I  have  been  credibly  informed  that  60 
years  ago  Hippopotamuses  were  abundant  in  the  Umzinduzi  river, 
close  to  where  now  the  city  of  Pietermaritzburg  in  Natal  is  built. 
The  fact  of  these  animals  having  inhabited  localities  in  the  uplands 
of  Natal,  and  the  Free  State,  is  I  think  beyond  question,  and  as  those 
districts  are  at  times  subjected  to  veiy  inclement  weather,  it  raises 
the  question  whether  the  Hippopotamus  amphibius  is  not  capable  of 
enduring  far  greater  changes  of  temperature  than  is  usually 
supposed.  I  was  encamped  in  the  vicinity  of  Newcastle,  Natal, 
on  the  borders  of  the  Transvaal,  in  the  winter  of  1881  (i.e.  the 
summer  of  our  northern  hemisphere),  and  we  experienced  very 
severe  weather.  Water  froze  in  the  buckets  left  outside  the  tents  at 
night,  the  snow  lay  deep  over  the  country,  herds  of  sheep  and  cattle 
were  buried  and  frozen  to  death  in  the  snow.  Many  farmers 
suffered  great  loss  in  stock.  In  the  highlands  of  the  Orange  Free 
State,  across  the  Natal  border,  the  losses  of  flocks  and  herds  from 
the  snowstorms  were  greater  than  in  Natal.  The  question  arises, 
whether  Hippopotamuses  were  denizens  of  these  upland  lakes  and 
rivers,  or  only  summer  visitors.  If  residents,  they  must  have  been 
subjected  at  times  to  extraordinary  changes  of  climate.  I  r^ret 
that  during  my  residence  in  South  Africa,  I  did  not  pay  more 
attention  to  this  interesting  subject 
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I  Tenture  to  send  you  thifl  oommuDication  in  the  hope  that  it  may 
attract  the  attention  of  some  naturalist  in  South  Africa,  of  greater 
ezperienoe  than  myself,  as  the  suhject  is  one  of  considerable  interest 
to  the  geologist — I  am,  Sir,  your  obedient  servant, 

Wills,  Nobpoli,  2ndjiprii,  1886.  H.  W.  FsiLDEV. 


DISCOVERIES  IN  THE  PUNJAB  SALT-RANGE. 

Sib, — Since  the  abstract  of  my  paper  to  the  Boyal  Oeol.  Soo.  of 
Ireland  on  the  subject  of  Dr.  Warth's  discoveries  in  the  Eastern 
Salt-range  appeared  in  the  Gboloqioal  Maqazinb  for  March,  a 
paper  on  the  same  subject  by  Dr.  Waagen,  of  Prague,  in  the  Records 
of  the  Greol.  Survey  of  India  (vol.  xix.  pt.  1),  has  reached  me. 
Several  points  in  this  paper  relate  to  the  stratigraphy  of  the  Salt- 
range  as  interpreted  in  my  G^logical  Survey  Report,  and  one  or 
two  especially  touch  portions  of  my  paper  referred  to,  and  its 
abstract 

With  reference  to  these  last,  I  may  notice  that  certain  of  the 
fossils  to  which  I  alluded  as  undetermined  have  now  been  fully 
described  by  Dr.  Waagen,  and  are  referred  to  the  Carboniferous,  not 
Devonian  age,  as  I  had  been  informed.  Beyond  accepting  the 
purely  palaBontological  determinations  of  Dr.  Waagen,  I  have  little  to 
say :  he  gives  his  evidence,  describing  most  of  the  species  as  new  or 
indeterminate,  or  requiring  further  comparison,  and  he  appears  to  be 
now  satisfied  as  to  their  age.  Their  reference  to  the  later  period 
tends  to  reduce  the  interest  which  the  discovery  of  Devonian  forms 
would  have  possessed,  on  account  of  the  absence  of  reoognizable 
Devonian  rocks,  in  that  or  the  adjacent  country. 

Dr.  Waagen's  paper,  however,  differs  from  my  own  in  describing 
these  fossils  as  having  been  found  in  concretions,  not  in  pebbles,  and 
as  occurring  in  situ  in  the  Convdaria  layer.  Upon  this  point  rest 
very  extensive  and  important  deductions,  and  it  is  one  upon  which 
some  uncertainty  seems  to  have  prevailed,  leading  both  Dr.  Warth 
and  Dr.  Waagen  to  reconsider  matters  and  to  change  their  minds : 
hence  I  am  glad  to  learn  we  may  expect  to  hear  further  about  the 
matter  from  the  officers  of  the  Geological  Survey  of  India. 

Dr.  Waagen's  latest  announcements,  as  above  stated,  seem  to  date 
from  the  end  of  last  year  or  the  very  commencement  of  1886.  Dr. 
Warth,  writing  to  me  with  specimens  from  this  layer  (and  some  others) 
under  date  Deo.  1,  1885,  strongly  maintains  that  the  fossils  are  not 
in  situ,  but  derived,  and  in  support  of  this  he  calls  attention  to  one 
of  the  specimens,  a  single  rolled  fossil  Contt/arta,  which  itself  formed 
one  of  the  pebbles  of  the  layer.  Turning  to  the  specimens  I 
received  (and  they  were  few),  I  found  they  consisted  of  fine,  pale, 
non-calcareous  sandstone,  presenting  no  signs  of  concretionary 
structure,  their  smoothed  surfaces  intersecting  the  inclosed  fossils, 
while  the  special  example  referred  to  has  all  the  appearance  of  a 
once  more  perfect  fossil  detached  from  its  matrix,  abraded  and  rolled 
till  its  general  form  alone  remains,  with  just  sufficient  of  its  original 
markings  to  show  certainly  what  it  is.  Another  of  the  same  kind 
shows  only  the  outer  form,  and  greater  abrasion. 
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On  tbis  oonfirmatory  evidence  I  adhere  to  the  view  expressed  in 
my  paper  as  to  the  derived  or  remanU  character  of  the  Gonularia 
layer,  until  something  more  conclusive  is  brought  forward  than  has 
been  yet  produced. 

The  "  Olive  group  "  of  the  Salt-range  which  contains  this  Con^aria 
layer,  from  its  circumstances  of  position  and  from  a  few  of  its  fossils, 
found  in  a  determinable  state,  was  classified  by  Dr.  Waagen  and 
myself  as  probably  of  Cretaceous  age,  before  he  left  the  Punjab. 

It  has  been  recorded  for  years  that  certain  Boulder-beds,  lying 
just  beneath  this  Contdaricif  layer,  and  included  in  the  Olive  group, 
contain  glaciated  blocks,  and  resemble  the  Talchir  Boulder-beds  of 
the  Gondwana  series  in  Peninsular  India;  also  that  there  are  in 
other  parts  of  the  Range,  and  at  different  vertical  positions  in  its 
sections,  Boulder-beds  of  very  similar  aspect 

I  have  never  found  reason  to  believe  that  the  stratigraphic 
relations  of  these  Salt-range  Boulder-beds  supports  the  idea  now 
advanced,  that  all  occur  upon  one  and  the  same  horizon ;  and  I  must 
say  I  am  still  unconvinced  of  the  fact,  while  admitting  that  this 
would  be  both  important  and  interesting  if  proved. 

KiNOSTOWK,  19M  March,  1886.  A.  B.  WynNE. 

THE  PALiEONTOGRAPHICAL  SOCIETY. 
Sib, — ^The  fortieth  volume  of  the  Memoirs  of  the  PalsBontographical 
Society  is  now  in  progress ;  with  the  current  year  the  series  will 
have  completed  the  number  generally  assigned  to  a  period  of  pro- 
bation. That  it  has  well  endured  the  trial  of  time  none  can  deny. 
The  unremunerated  labours  of  many  of  the  leading  palsdontologists 
of  Britain  have  enriched  their  fellow- workers  with  a  series  of  mono- 
graphs, sometimes  dealing  with  various  genera  or  classes,  some- 
times presenting  a  synoptic  view  of  certain  portions  of  the  fauna  or 
flora  of  an  important  Geological  period.  To  these  workers  and  to 
all  who  have  taken  an  active  part  in  the  direction  of  the  Palasonto- 
graphical  Society,  geologists,  not  of  Great  Britain  only,  are  deeply 
indebted.  Never,  we  may  confidently  assert,  has  so  magnificent  a 
series  of  admirably  illustrated  monographs  been  placed  in  the  hands 
of  students  or  at  so  low  a  price.  For  an  annual  subscription  of  one 
guinea,  a  bulky  volume  is  received,  containing  usually  about  thirty 
plates  and  three  hundred  pages  of  letterpress.  At  the  present  time 
monographs  are  in  preparation  or  in  progress  on  Pleistocene 
Mammals  and  Old  Bed  Sandstone  Fishes,  on  Jurassic  Ammonites 
and  Gasteropods,  on  Cretaceous  Starfishes,  on  Palsdozoic  Sponges  and 
on  the  Flora,  both  of  the  Carboniferous  and  of  the  £ocene  periods. 
There  is  evidently  no  failure  either  in  material  or  in  writers.  More- 
over, up  to  the  present  time  the  Society  has  successfully  paid  its  way 
and  has  occasionally  had  a  small  balance  to  the  good.  Death  how- 
ever of  late  years  has  unfortunately  removed  many  of  the  original 
subscribers,  and  new  members  come  in  more  slowly  than  might  have 
been  expected.  Accordingly  the  Secretary  announced  at  the  last 
meeting  of  the  Council  that  very  shortly,  unless  there  was  a  sub- 
stantial increase  in  the  number  of  subscribers,  the  quantity  of  matter 
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included  in  tbe  annual  volume  must  be  reduoed,  and  thug  the  issue  of 
the  monographs  delayed.  This  announcement  is  not  altogether 
creditable  to  the  geologists  of  Great  Britain.  The  number  of  persons 
interested  in  the  study  of  this  science  has  not  diminished,  nay,  has 
become  decidedly  larger,  since  the  foundation  of  the  Palsoonto- 
graphical  Society.  Many  more  than  those  whose  names  are  on  the 
list  of  subscribers  could  well  spare  the  annual  guinea  needed  to 
secure  the  efficiency  of  the  work,  but  it  may  be  feared  that  there  is 
among  them  some  lack  of  public  spirit  llie  rapid  development  of 
every  branch  of  geology  has  perhaps  contributed  to  this  by  render- 
ing its  students  more  of  specialists  than  they  formerly  were ;  but 
even  if  the  number  of  monographs  in  the  series  bearing  on  this  or 
that  man's  hobby  be  small,  he  is  bound,  I  think,  on  public  grounds 
to  see  that  this  useful  work  does  not  languish  for  want  of  funds. 
In  almost  every  career  of  life  there  are  certain  associations  to  which 
one  feels  bound  to  belong :  may  I  then  be  forgiven  for  suggesting 
that  every  geologist  not  absolutely  impecunious  should  consider 
the  Palseontographical  Society  one  of  these.  True,  the  number  of 
back  volumes  is  now  formidable  to  those  who  desire  a  complete  set, 
but  these  can  be  purchased  on  easier  terms  by  subscribers,  and  the 
less  wealthy  student  may  console  himself  for  a  broken  series  by  the 
thought  that  he  is  doing  a  good  work  in  securing  its  continuance. 

T.    G.   BONNBY. 

NOTES  ON  PHENACODUS. 

Sib, — I  must  remark  on  your  late  article  on  Fhenacodus  *  (Geo- 
LOOiGAL  Magazine,  No.  260),  that  having  selected  for  publication 
my  earliest  conclusions  regarding  it,  issued  in  1881,  my  more 
mature  views  are  not  stated.  Id  order  to  insure  the  dissemination  of 
the  latter  rather  than  the  former,  through  your  journal,  I  give  the 
following  points. 

A  few  months  after  the  publication  of  the  note  from  which  you 
have  principally  copied,  I  published  a  systematic  analysis  of  the 
TJngulata  in  the  Proceedings  of  the  American  Philosophical  Society 
(1882),  in  which  it  was  shown  that  the  carpal  bones  in  Phenacodua 
are  in  linear  and  not  alternating  series,  and  that  it  therefore  cannot 
be  referred  to  the  Perissodactyla.  With  the  Hyracoidea  and  other 
forms  having  similar  carpal  and  tarsal  characters  it  was  placed  in  an 
order  Taxeopoda.  This  order  I  regarded  and  still  regard  as  ancestral 
to  all  Ungulata,  Amblypoda  and  Proboscidea  included.  It  thus 
realized,  so  far,  the  prophecy  which  I  made  in  1874  (Journal 
Academy  Philad.),  that  the  ancestral  type  of  higher  Mammalia 
would  prove  to  be  pentadactyle  and  bunodont  The  history  of  this 
question  is  set  forth  in  my  illustrated  account  of  the  Ck)ndylarthra 
published  in  the  "  American  Naturalist "  for  1884. 

A  further  study  of  the  extinct  Taxeopoda  has  shown  me  that 

although  furnished  with  hoof-like  unequal  phalanges,  they  are  not 

very  different  from  the  Lemurs  of  the  primitive  type  known  as  the 

Adapidas.    I  now  believe  that  the  order  Taxeopoda  must  include 

^  See  February  No.  pp.  49-^2,  PI.  IL 
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toot  only  Phenacodus  and  allies  (=Condylarthra),  but  also  Hyraooidea, 
Lemnroidea,  Simmopitheooidea,  and  Anthropoidea,  although  the 
last-named  diverge  a  little  in  the  characters  of  the  carpus.  Moreover, 
some  of  the  Taxeopoda  of  the  Puerco  epoch  show  that  the  Ungui- 
oulate  forms  can  readily  have  descended  from  them,  for  as  the 
carpus  and  tarsus  of  this  order  are  thoroughly  Unguiculate,  it 
only  requires  intermediate  forms  of  ungues  to  connect  them,  and 
these  have  been  found.  These  facts  and  conclusions  are  set  forth  in 
the  '^  American  Naturalist "  for  1885,  in  a  paper  on  the  *'  Evolution 
of  the  Vertebrata  Progressive  and  Retrogressive." 

It  thus  appears  that  Lemurine  forms  were  the  ancestors  of  all 
Placental  Mammalia,  as  was  already  anticipated  by  Haeckel  in  his 
far-seeing  **  Schopfungsgeschichte."  E.  D.  Cope. 

NOTE  ON  ERI8ICETHE. 

8iK, — A  careful  perusal  of  Mr.  Davies*  note  on  this  subject  in  your 
number  for  March  reveals  the  fact  that  he  agrees  with  me  in  the  asso- 
ciation of  the  fin-spines  in  question  with  Erisichthe,  and  not  with 
Ptychodus.  He  corrects  me  as  to  the  authorship  of  the  term  XtphiaA 
Dixoni,  and  agrees  with  me  again  that  the  weapon  of  that  species 
also  belongs  to  the  fish  I  have  called  Erisichthe.  But  he  wishes  me 
to  use  the  name  Protosphyrana,  Leidy,  in  the  place  of  the  one  I 
have  proposed.  In  this  point  I  hope  Mr.  Davies  will  yet  again  agree 
with  me. 

Two  species  are  catalogued  *  by  Leidy  under  the  name  of  Proto- 
ephyrana,  P.  ferox  and  P.  striata.  If  now  his  P.  ferox  be  a  species 
of  the  genus  I  have  named  Erisichther  Leidy's  name  should,  in 
accordance  with  all  usage,  be  retained  for  the  P.  striata,  provided 
the  two  belong  to  different  genera.  When  in  London,  in  1878, 
either  Mr.  Davies  or  Mr.  E.  T.  Newton  showed  me  a  jaw  containing 
teeth  of  the  P.  striata,  which  was  plainly  not  an  Erisichthe.  For 
this  statement  I  depend  on  memory  alone.  If  I  be  correct,  it  is  for 
this  genus  that  the  name  Protospkyrana  should  be  retained,  if  it  be 
used  at  all. 

In  its  present  status,  however,  the  name  in  question  is  nomen 
nudum,  and  under  the  rules  not  more  entitled  to  recognition  than 
new  names  in  museum  or  sale  catalogues.  The  rules  of  the 
American  and  British  Associations  are  explicit  on  this  point,  and 
properly  so.  E.  D.  Cope. 

N0T0CHELY8  C08TATA,  OWEN. 
Sib, — In  his  description  of  this  interesting  fossil,'  Sir  Eichard 
Owen  stated  that  the  "  nature  and  age  of  the  deposit  from  which  it 
came  was  unknown  to  him."  I  am  informed  by  Prof,  Archibald 
Liversidge,  by  whom  Notochelys  was  sent  to  Prof.  Owen,  that  it  was 
found  associated  with  certain  other  fossils  described '  by  myself  from 

^  The  name  is  hot  referred  to  in  the  text  of  his  paper  by  Leidy,  biit  only  appears 
in  a  catalogue  at  the  end  of  it. 
'  Quart.  Journ.  Geol.  Soc.  1882,  vol.  xxxviii.  p.  178. 
»  Jonm.  B.  Soc.  New  South  Wales  for  1883  [1884],  vol.  xrii  p.  87. 


Digitized  byVjOOQlC 


240  Corrfi8pondence—Mr.  F,  O.  Hilton  Price. 

the  Cretaceons  beds  of  Landsborongh  Greek,  a  tributary  of  the 
Thomson  River,  such  as  Ancyloceras  Flindarn,  M*Coy,  AueeUa 
JBughendensis,  £th.,  sp.,  a  probable  Hamtes  and  large  Inoeeramu 
These  would  appear  to  indicate  beds  about  the  horizon  of  the 
Marathon  or  Hughenden  series  of  the  late  Mr.  fi.  Daintree.^ 

B.  Ethesidob,  Jun. 


THE   LANDSLIP   IN   THE   WARREN   NEAR   FOLKESTONE. 

Sib, — ^It  is  only  right  that  a  record  should  be  kept  of  the  very 
extensive  landslip  which  occurred  in  the  underdiff  of  the  Warren 
near  Folkestone  on  the  19th  January  last,  not  only  because  few 
know  anything  of  the  circumstance,  but  that  it  might  be  useful  in 
case  of  future  investigations. 

The  area  affected  by  this  slip  is  very  considerable,  extending  from 
the  Warren  House,  near  the  Martello  Tower,  eastwards  to  a  spot 
locally  called  the  Jetty,  a  distance  of  nearly  a  mile  in  length  and  by 
about  a  quarter  or  rather  less  in  breadth.  This  undercliff  is  entirely 
composed  of  rubble  and  ddhris  from  the  Chalk  cliffs  above,  which 
have  been  falling  and  slipping  over  for  centuries.  This  slip  appears 
to  have  taken  a  horizontal  line  from  the  seaward  side  of  the  railway 
cutting,  in  fact,  in  some  parts  it  started  from  the  outside  of  the 
actual  railway  bank.  Had  it  broken  away  a  few  yards  further  inland, 
and  there  is  no  reason  why  it  should  not  have  done  so,  the  passengers 
by  the  South-Eastem  would  then  realize  the  danger  to  which  the  line 
is  exposed.  .  This  large  area  gave  way  and  went  down  bodily  for  a 
depth  of  from  12  to  20  feet,  varying  in  places ;  this  had  the  effect  of 
forcing  up  the  beds  upon  the  shore  several  feet  in  height  for  about 
a  mile  of  the  coast.  Towards  the  east  end  of  the  slip,  the  Ohalk- 
marl  is  raised  nearly  20  feet  It  is  a  remarkable  coincidence  that 
since  this  happened,  there  have  not  been  any  heavy  seas  upon  this 
coast,  consequently  no  further  damage  has  been  done ;  but  when 
heavy  seas  do  come  in,  which  they  inevitably  must,  they  will  wash 
away  thousands  of  tons  of  the  rotten  rubble  cliffs  which,  upon  the 
shore-line,  are  composed  for  the  most  part  of  dihris  from  the  cuttings 
and  tunnels,  which  when  cleared  away  will  give  further  impetus  for 
another  and  perhaps  a  more  disastrous  landslip  to  take  place. 

The  whole  floor  of  the  shore  is  much  raised,  with  here  and  there 
a  depression  which  is  probably  the  level  of  the  old  shore.  In  one 
place  the  Upper  Gault  is  raised  into  a  hillock  several  feet  high. 

The  coming  spring  will  afford  an  excellent  opportunity  for  those 
interested  in  Cretaceous  geology  to  examine  the  Chalk-marl  as  it  is 
now  placed.  I  may  add,  the  whole  of  this  area  is  constantly  moving, 
and  another  slip  may  occur  at  any  moment 

F.  G.  Hilton  Prigb. 

IZlh  Jpril,  1886. 

^  Quart  Jonm.  Geol.  Soc.  1872,  toI.  xzriii.  p.  279. 
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I. — On  Mabskakitb  asd  its  AUiIbs. 

By  Professor  John  W.  Judd,  F.R;S», 
Presideiit  of  the  Geological  Society. 

IN  almost  every  ooUeotion  of  minerals  there  may  be  found  speci- 
mens of  the  carious  little  glassy  balls,  which,  from  the  locality 
of  their  occurrence— the  great  Marekanka,  near  Okhotsk  in  Siberia — 
have  received  the  name  of  Marekanite.  These  glassy  balls  are  more 
or  less  perfectly  rounded  in  form,  they  vary  in  their  colour,  through 
different  shades  of  smoke-grey  to  orange-brown,  while  in  size  they 
range  from  the  dimensions  of  a  pea  to  those  of  a  walnut.  Most 
mineralogical  treatises  still  continue  to  recognize  Marekanite  as  a 
mineral,  and  class  it  either  as  a  variety  of  Obsidian  or  of  Pearlstone. 

While  totally  disallowing  the  claim  of  Marekanite  to  rank  as  a 
mineral-species  or  even  variety — the  petrographer  recognizes  in  this 
substance  a  type  of  rock,  which  proves  to  be  by  no  means  devoid  of 
interest,  when  its  properties  are  carefully  studied,  nor  destitute  of 
suggestiveness,  when  its  mode  of  occurrence  is  thoughtfully  considered. 

Occurring  as  it  does  on  a  spot  frequently  visited  by  travellers,  the 
appearance  and  surroundings  of  Marekanite  have  been  very  fully 
described ;  among  others  by  Steller,  Laxman,  Allegretti  and  Pallas ; 
it  was  the  last-mentioned  natuitilist  who  appears  to  have  made  the 
rock  widely  known  by  sending  specimens  from  St  Petersburgh  to 
most  of  the  Museums  of  Europe. 

The  first  mineralogist  who  seems  to  have  expressed  an  opinion  on 
the  nature  of  Marekanite  was  Sewergin,  who  in  1796  described  it  as 
a  "  Qlasszeolite."  ^  To  this  conclusion  he  was  probably  led  by 
studying  its  behaviour  with  the  blowpipe. 

Lowitz  and  Gmelin  made  analyses  of  the  substance,*  and  these, 
though  very  imperfect,  as  might  be  expected  from  the  early  date  at 
which  they  were  undertaken,  showed  the  rock  to  contain  a  very  high 
percentage  of  silica  with  some  alumina  and  a  small  proportion  of  the 
alkalies  and  alkaline  earths. 

The  author  to  whom  we  are  however  indebted  for  most  of  our 
knowledge  of  the  properties  of  this  curious  substance  is  Klaproth, 

1  Nova  Acta  Acad.  Petropol.  T.  xii.  (ISO!)  p.  237. 
'  Neue  Nord  Beitrag,  yoL  iL  p.  299. 
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whose  memoir  entitled  "  Chemisohe  TTntersachung  des  Marekanits  "  ^ 
was  read  before  the  Berlin  Academy  on  the  15th  May,  1812. 

Klaproth  showed  that  the  Marekanite-balls  were  sometimes  almost 
colourless  and  translucent,  at  others  dark-coloured  and  opaque ;  the 
former  he  found  to  have  a  specific  gravity  of  2*365,  the  latter  of 
2*335.  The  composition  of  the  two  varieties  he  determined  to  be 
as  follows : — 

Transparent  Variety.  Opaque  Variety. 


Silica. . ., .•..•.... 

ai-00 

9*60 
0*43 
0*60 
2-70 
4*50 

0*50           \\\\ 

76-60 

Alumina    

10-50 

I/ime  .1.,.,, •.«.... 

0-50 

Iron  Oxide    ....•••.. 

1*00 

Potash 

2-70 

Soda 

4-50 

Undetermined  constitaent  .. 
Water   

2*60 
0-60 

99*18  98-70 

No  more  recent  analyses  of  the  rock  would  seem  to  have  been 
published.  Elaproth  further  showed  that  while  many  of  these  glass 
balls  resist  a  tolerably  smart  blow  with  a  hammer,  yet  when  they 
do  yield  they  break  up  into  a  mass  of  fine  particles,  like  unannealed 
or  toughened  glass.  He  noticed,  too,  their  singular  behaviour  whea 
heated,  which  will  be  described  in  the  sequel. 

Elaproth's  analyses  show  that  Marekanite  is  an  obsidian,  and  if 
his  separation  of  the  soda  and  potash  can  be  relied  upon,  which  is 
doubtful,  we  might  conclude  that  it  is  a  daoite-  or  quartz-andesite- 
glass  rather  than  a  rhyolite-  or  quartz-trachyte-glass. 

With  the  exception  of  some  observations  by  Erman '  and  Herter,* 
but  little  seems  to  have  been  added  to  our  knowledge  of  Marekanite 
since  the  time  of  Klaproth. 

Professor  Bonney  informs  me  that  the  late  Professor  W.  H.  Miller, 
of  Cambridge,  told  him  that  Marekanite-balls  had  been  known  to 
explode  spontaneously.  Mr.  J.  Gregory  some  time  ago  communi- 
cated to  me  the  interesting  fact  that  a  lapidary  who  had  attempted 
to  cut  a  section  of  a  Marekanite-ball  found  that  during  the  operation 
it  flew  to  pieces  with  a  slight  explosion.  Kalkowsky  states  that 
many  of  the  Marekanite-nodules,  when  struck  with  a  hammer,  de- 
crepitate to  dust^ 

In  these  characters  the  balls  of  Marekanite  appear  to  present 
so  many  points  of  resemblance  with  the  well-known  "Bupert's 
drops "  that  I  thought  it  would  be  of  interest  to  make  a  fuller 
comparison  of  the  natural  and  artificial  substances. 

In  the  first  place,  the  more  transparent  varieties  of  Marekanite, 
when  examined  between  crossed  Nicols,  were  found  to  depolarize  the 
light  in  a  very  striking  manner,  giving  rise  to  the  well-known  appear- 
ance presented  by  unannealed  glass  or  glass  when  subjected  to 
mechanical  strain.     Compared  with  the  appearances  presented  by 

1  Berlin  Abbandl.  Physikal  Elasse  (1812—18),  pp.  49—58. 
*  Archiy.  f.  d.  Wissensch.  Eonde  yoq  Russl.  lii.  (1843),  p.  175. 
>  Zeitschr.  d.  d.  Geolog.  Ges.  xv.  (1863),  p.  469. 
4  *«  Elemente  der  iithologie  "  (1886),  p.  80. 
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transparent  Bnpert's  drops  between  crossed  Nicols,  the  Marekanite 
was  found  to  be  precisely  similar  in  its  behaviour. 

In  the  second  place,  ten  nodules  of  Marekanite,  varying  in  size  and 
colour,  were  selected  for  cutting  by  the  lapidaries'  wheel;  and  their 
behaviour,  carefully  watched,  was  as  follows : — 

One,  the  largest,  was  cut  through  without  undergoing  fracture. 

Six,  while  being  cut,  bad  one  or  more  cracks  developed  in  them, 
and  the  formation  of  these  cracks  was  accompanied  by  distinctly 
audible,  snapping  sounds. 

In  the  remaining  three  cases,  snapping  sounds  were  heard  from 
time  to  time  while  the  cutting  was  taking  place,  and  when  the  mass 
was  nearly  cut  through,  a  distinct  explosion  occurred,  the  fragments 
being  thrown  to  the  distance  of  several  yards. 

In  the  case  of  two  Rupert's  drops,  treats  in  precisely  the  same 
manner,  it  was  found  that  before  the  saw  had  passed  half  through 
them,  an  explosion  occurred,  which  was  more  violent  than  that  accom- 
panying  the  breaking  up  of  the  Marekanite-nodules.  These  facts 
point  to  the  conclusion  that  the  glass  of  the  Marekanite-balls  is  in  a 
condition  of  intense  strain,  in  some  cases  approaching  that  which 
characterizes  the  Rupert's  drops. 

In  the  case  of  both  the  Rupert's  drops  and  the  Marekanite-balls, 
the  portion  left  embedded  in  the  cement  after  the  explosion  was 
found  to  be  traversed  by  a  system  of  radial  cracks,  and  on  the 
attempt  being  made  to  grind  them  they  fell  to  pieces.  The  fine 
splinters  into  which  the  Marekanite-balls  broke  up  were  found, 
when  examined  by  the  microscope,  to  be  quite  similar  to  those 
derived  ht>m  the  Rupert's  drops.  Acting  upon  a  suggestion  made 
to  me  by  my  colleague.  Prof.  F.  Guthrie,  F.R.S.,  I  annealed  some 
of  the  Marekanite-balls  by  heating  and  slowly  cooling  them.  They 
were  then  found  to  have  lost  their  power  of  depolarizing  light,  and 
were  easily  out  and  ground  into  thin  sections. 

I  must  now  proceed  to  describe  another  set  of  remarkable 
phenomena — those  namely  which  are  exhibited  by  the  Marekanite- 
nodules  when  they  are  heated. 

If  one  of  the  balls  be  subjected  to  a  gas-jet,  blown  by  a  moderately 
strong  air-current,  it  will  be  seen  that,  as  redness  is  approached, 
thin  films  of  glass  detach  themselves  from  the  surface  of  the  ball 
and  these  films  are  successively  broken  up  into  fine  particles,  so  that 
there  is  maintained  a  constant  dispersal  of  excessively  minute  glassy 
dust,  which  is  thrown  to  a  considerable  distance.  If  the  temperature 
be  now  raised  to  whiteness,  the  whole  mass  swells  up  in  cauliflower- 
like excrescences,  till  it  has  attained  eight  or  ten  times  its  original 
bulk.  The  resulting  white  mass  is  found  to  be  a  true  pumice,  which 
floats  upon  water,  and  microscopic  sections  of  it  are  indeed  quite  un- 
distinguishable  in  appearance  from  many  natural  pumices.  Some  I 
of  the  Marekanite-balls,  however,  exhibit  this  property  in  a  much 
more  striking  manner  than  do  others. 

These  experiments  prove  that  the  quantity  of  volatile  ingredients 
in  these  Marekanite-balls  is  very  great,  sufiQcient  indeed,  on  being 
liberated  by  heat,  to  convert  the  obsidian  into  a  pumice.    Herter 
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Qtates  that  Marekanite  loses  on  ignition  from  one  to  four  per  oent  of 
its  weight 

The  last  point  to  which  I  have  to  direct  attention  with  respect 
to  Marekanite  is  its  microscopic  structure.  This  is  found  to  differ 
in  a  remarkable  degree  in  the  several  varieties. 

Some  of  the  Marekanite-balls  are  almost  colourless  and  perfectly 
translucent.  These,  as  pointed  out  by  Zirkel,^  are  among  the  purest 
of  natural  glasses,  and  are  comparable  to  Fulgurite  and  Boutellen- 
stein.'  From  these  translucent  varieties  we  found  every  gradation 
to  the  more  opaque  types  which  are  of  deep  smoke-grey  and  orange- 
brown  tints,  their  opacity  being  evidently  due  to  primary  devitrifi- 
cation. 

Porphyritic  crystals  are  rare,  and  of  small  size  in  Marekanite. 
Those  observed  appear  to  be  referable  to  hornblende,  magnetite,  and 
a  brown  mica.  Black  trichites  and  reddish  or  yellowish-brown 
globulites  abound,  the  latter  being  usually  drawn  out  by  the  move- 
ment of  the  glass  into  cloud-like  wisps,  and  the  rock  being  very  dis- 
tinctly banded  by  the  disposition  of  these  in  the  mass.'  In  many  cases 
the  commencement  of  a  pumiceous  structure  is  exhibited  throngh 
the  abundance  of  cavities  drawn  out  in  the  direction  of  the  flow. 
The  Marekanite-nodules  exhibit  all  the  characters  of  a  volcanic  glass 
undergoing  incipient  devitrification  and  exhibiting  flow  structure, 
with  occasionally  the  beginnings  of  pumiceous  distension. 

Now  the  peculiar  characters  of  Marekanite  seem  to  be  capable  of 
simple  explanation  when  we  take  into  account  its  mode  of  occurrence, 
which  has  been  so  clearly  described  by  Erman  and  other  writers.^ 

According  to  the  information  supplied  from  these  different  sources, 
there  occurs  in  the  district  around  Okhotsk  a  considerable  tract  of 
highly  acid,  igneous  rock  (rhyolite  or  quartz-andesite),  which  is 
sometimes  vesicular,  at  other  times  compact,  and  appears  to  be  some- 
times intrusive  in  strata  containing  Devonian  plants.  This  rock  is 
generally  stony  in  texture,  but  sometimes  passes  into  ''homstone- 
like  "  varieties ;  while  locally,  as  on  the  banks  of  the  great  Marekanka 
brook,  it  assumes  a  more  or  less  pefectly  glassy  condition.  At  the 
locality  mentioned,  the  igneous  mass  forms  a  cliff  between  200  and 
800  feet  in  height,  the  rock  varying  in  colour  from  snow-white  to 
reddish-brown,  and  its  different  varieties  constituting  wavy  bands, 
which,  as  is  so  commonly  the  case  with  the  vitreous  lavas,  simulate 
the  appearances  presented  by  many  crumpled,  foliated  rocks.'  lliis 
banded,  glassy  rock  is  seen  to  be  traversed  by  numerous  concentric 
joints,  so  that  globular  masses  breaking  up  like  onions  accumulate 
in  immense  numbers  at  the  foot  of  the  cliff,  forming  a  talus  which 
reaches  half-way  to  its  top.    The  nuclei  of  these  concentric  masses, 

1  Mikroskop.  Beecbafi.  der  Mineralien  und  Gesteine  (1873),  p.  851. 

>  See  Wichmann,  Zeitsch.  d.  d.  Geol.  Ges.  xxxv.  p.  849  ;  I)iJler,  Amer.  Joum.  Sc. 
xiviii.  p.  252 ;  Rutlev,  Quart.  Joum.  Geol.  Soc.  vol.  xli.  (1885),  p.  152. 

3  Compare  Zirkel,  Mikroskop.  Beschaff.  der  Mineralien  nnd  Gesteine  (1873),  p.  361. 

«  Erman,  Archiv.  f.  d.  Wissensch.  Eunde  Busslands,  iii.  (1843),  p.  175 ;  Herter, 
ZeitBch.  d.  d.  Geol.  Ges.  xv.  (1863),  p.  469. 

«  See  Gbol.  Mao.  Dec.  II.  Vol.  II.  pp.  68  and  69,  Fig.  9. 
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which  vary  in  size  from  a  pea  to  a  fist,  constitute  the  well-known 
hodies  usually  called  Marekanite. 

A  number  of  rocks  have  been  described  from  other  localities, 
which  in  their  peculiar  characters  or  mode  of  occurrence  appear  to 
closely  resemble  Marekanite. 

In  1844  Damour  gave  an  account  of  a  specimen  of  obsidian,* 
which  was  said  to  have  been  obtained  from  India,  though  its  locality 
could  not  be  more  precisely  determined.  It  was  spheroidal  in  form, 
and  about  2^  inches  in  diameter ;  its  colour  was  black  by  reflected 
light  and  lK>ttle-green  by  transmitted  light,  and  it  had  a  specific 
gravity  of  2'47.  Unlike  Marekanite,  it  was  found  to  melt  slowly 
without  expansion,  and  to  form  a  colourless  glass.  This  ball  of 
obsidian,  while  beingcutby  a  lapidary,  was  found,  when  sawn  through 
to  the  extent  of  nearly  two-thirds  of  its  diameter,  to  emit  a  kind  of 
hissing  sound,  and  this  was  followed  by  a  strong  detonation,  the  mass 
being  at  the  same  time  broken  up  into  fragments,  which  were  thrown 
in  all  directions  with  considerable  violence.  The  fragments  when 
collected  were  found  to  show  a  radiated  structure  like  that  seen  in 
the  Marcasite-nodules  of  the  Chalk. 

The  obsidian  described  by  Damour  was  found  by  him  to  have  the 
following  composition,  so  that  it  must  be  regarded  as  a  dacite-glass. 

Silica 70-84 

Alumina         8*63 

FerrouB  oxide 10*52 

ManganoQs  oxide       0*32 

Lime   ...        ...        ...        ..•  4*56 

Magnesia       •  1*67 

Soda 8*34 

99*38 

It  is  said  not  to  have  lost  weight  on  ignition. 

In  1824  the  late  Mr.  Poulett  Scrope  described'  an  interesting 
vein  of  green,  porphyritic  pitchstone  with  contorted  banding,  which 
occurs  at  the  Ghiaja  di  Luna  in  the  Island  of  Ponza ;  he  showed  that 
the  rock  is  made  up  of  columns,  each  of  which  incloses  a  number  of 
globiform  masses  that  break  up  concentrically  like  gigantic  onions. 
Mr.  Scrope's  drawing  of  this  remarkable  rock-mass  is  reproduced  in 
the  accompanying  woodcut  (see  page  246). 

In  1874  I  had  an  opportunity  of  visiting  this  very  interesting  spot, 
and  noticed  a  remarkable  property  exhibited  by  this  green  rock; 
when  struck  with  a  hammer,  it  broke  up  with  curved  planes  of 
fracture  parallel  to  the  central  nuclei;  when  freshly  broken,  the 
surface  showed  a  perfectly  vitreous  lustre,  but  within  a  few  seconds 
a  most  remarkable  change  was  seen  to  take  place  over  the  glassy 
surfaces  thus  exposed.  They  appeared  as  though  breathed  upon  and 
were  gradually  overspread  by  a  whitish  film,  that  looked  like  the  bloom 
npon  If  peach ;  this  white  film  was  found  to  be  permanent,  and  in 

^  Comptes  rendns,  toI.  xviii.  (1844^,  p.  46. 

'  Trans.  Geol.  Soc.  2nd  ser.  vol.  iL  p.  205,  plate  24.  See  also  Yolcanoes,  2nd 
ed.  p.  105. 
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coDsequenoe  of  its  presence,  Bpeoimens  of  the  rook  exhibit  not  the 
vitreous  lustre  of  obsidian,  but  the  duller  lustre  of  pitchstone.^ 

At  the  time  when  I  made  this  observation,  I  thought  that  the 
remarkable  change  in  the  surface  of  the  rock  might  be  due  to 
chemical  action,  and  was  the  result  of  some  kind  of  exudation  on  the 
freshly-formed  surfaces.  But  subsequent  study  of  the  surfaces  with 
the  microscope,  and  discussion  of  the  case  with  others,  including 
Prof.  Bonney  and  also  Dr.  Guthrie,  who  has  paid  much  attention  to  the 
subject  of  the  fracture  of  colloids,'  has  convinced  me  that  the  change 
is  really  mechanical,  and  one  of  a  very  peculiar  kind. 


Experimenting  with  colloid  substances,  like  plate-glass  and 
Canada-balsam,  I  found  that  when  relief  from  intense  strain  took 
place  by  the  breaking  of  a  mass  which  had  been  bent,  till  it  could 
no  longer  resist  the  force  applied,  the  fractured  surfaces  show  a 
dull  appearance,  which  under  the  microscope  is  seen  to  be  caused 
by  the  wrinkling  up  of  a  thin  film  on  the  suddenly  liberated 
surfaces.  These  cases  differ  from  the  one  described  from 
the  Ponza  Islands,  in  the  circumstance  of  the  appearance  of  the 
wrinkled  film  apparently  inatantaneotulyf  instead  of  after  an  ap- 
preciable interval  of  time.  But  it  is,  I  think,  consistent  with  well- 
recognized  physical  principles  that  the  recovery  of  particles  from 
a  condition  of  strain,  which  has  been  long  maintained,  should  take 
place  more  slowly  than  that  which  follows  from  a  strain  of  short 
duration. 

The  study  of  cases  which  we  have  been  considering  all  point  to 
the  conclusion  that,  besides  the  local  strains  so  well  known  to  occur 

I  Geol.  Mao.  Dec.  II.  Vol.  II.  (1876),  p.  308. 
«  See  Phil.  Mag.  ser.  6,  rol.  viii.  p.  26. 
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around  the  crystals  in  porphyritio  glassy  rocks,  which  have  recently 
been  discussed  by  Mr.  BuUey^  and  Mr.  Widler,'  there  are  other 
conditions  of  tension  which  affect  much  larger  masses  of  natural 
glass,  and  which  are  comparable  in  the  degree  of  their  manifestation 
to  those  which  are  exhibited  by  the  well-known  Bupert's  drops. 

This  condition  of  tension  appears  to  be  manifested  in  two  different 
ways.  In  the  case  of  the  Marekanite-balls,  and  the  obsidian  from 
India  described  by  Damonr,  the  molecules  are  in  a  state  of  such 
unstable  equilibrium  that  a  jar,  or  an  incision,  is  sufficient  to  bring 
about  that  partial  re-arrangement  which  leads  to  their  breaking 
up  with  more  or  less  explosive  violence.  But  in  the  case  of  the 
Ponza  rock,  the  relief  of  newly-formed  surfaces  from  strain  leads 
to  the  separation  of  a  thin,  more  or  less  wrinkled,  film.  A  con- 
nection between  these  two  cases  is  perhaps  established  by  the 
experiment  of  submitting  the  Marekanite-balls  to  moderate  heat,  when 
thin  white  films  like  those  formed  spontaneously  on  the  surfaces 
of  the  Ponza  rock  are  seen  to  make  their  appearance. 

The  study  of  the  mode  of  occurrence  of  these  different  rocks  shows 
that  the  condition  of  extreme  tension  belongs  to  the  nuclei  of  per- 
litic  masses.  It  has  long  been  recognized  that  the  perlitic  structure 
is  the  result  of  contraction  in  a  rock-mass,  and  in  1879  it  was  shown 
by  MM.  Fouqu6  and  Levy,*  and  in  1880  independently  by  Mr. 
Grenville  Cole,^  that  this  structure  could  be  produced  in  colloid  bodies 
by  artificial  means. 

It  has  long  been  known  that  some  of  the  natural  glasses  contain 
a  considerable  amount  of  water  and  other  volatile  substances,  up  to 
as  much,  indeed,  in  some  cases,  as  10  per  cent,  of  their  whole  weight 
It  has  often  been  asserted  that  the  presence  of  a  large  percentage  of 
water  is  characteristic  of  pitchstones,  and  of  a  much  smaller  amount 
of  the  obsidians.  But  the  perfectly  vitreous  Marekanite-balls  show 
by  their  behaviour  when  heated  that  they  contain  a  very  large  pro- 
portion of  volatile  matter,  and  other  similar  exceptions  to  the  supposed 
rule  might  be  adduced.  It  is  probably  true  that  volatile  matters  are 
more  likely  to  be  retained  within  masses  which  have  cooled  down 
while  subjected  to  the  pressure  of  superincumbent  material ;  and 
under  the  same  conditions,  that  slower  cooling  would  take  place, 
which  would  lead  to  the  more  abundant  development  of  crystallites 
and  the  acquirement  of  the  mass  of  the  resinous  lustre  characteristic 
of  pitchstone. 

Now,  BO  far  as  my  experience  goes,  the  glasses  containing  a  large 
amount  of  volatile  materials  have  an  abnormally  low  specific  gravity. 
If  the  water  be  slowly  separated  from  the  mass,  it  is  scarcely  con- 
ceivable but  that  contraction  should  take  place  and  the  density  rise. 
The  materials  in  which  the  perlitic  structure  has  been  artificially 
produced — namely,  precipitated  silica  and  Canada-balsam — both  con- 
tain volatile  matters,  and  it  is  during  the  gradual  removal  of  these  in 
drying  that  the  perlitic  structure  is  produced.    The  spirally-curved 

1  Quart.  Journ.  Geol.  8oo.  toI.  zli.  (1884),  p.  340. 

2  Geol.  Mao.  Dec.  III.  Vol.  II.  (1886),  p.  91. 

*  Mineralogie  Micrograpkique  (1879),  pi.  xix.  fig.  2. 

*  Geol.  Mao.  Dec.  U.  Vol  VII.  p.  116. 
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cracks  seen  on  tbe  surface  of  American  clotb  in  railway-carriages  can 
be  accounted  for  in  the  same  way. 

These  and  many  other  facts,  which  I  will  not  now  adduce,  have 
led  me  to  the  conclusion  that  while  the  first  series  of  straight  cracks» 
which  often  produce  columnar  structures  in  rocks,  owe  their  ongia 
to  the  contraction  which  takes  place  during  cooling,  the  secondary 
systems  of  curved  cracks,  which  give  rise  to  the  perlitic  and  similar 
structures,  are  more  probably  due  to  the  contraction  which  goes  on  as 
the  volatile  materials  which  they  contain  are  slowly  separated  from 
them.  I  hope  to  adduce  some  further  illustrations  of  this  principle 
on  a  future  occasion. 

IL — On  Gabbonifbrous   Ostbaooda.   fbom  thb   Gatton   Bobing, 

NOBTHAMPTONSHIBB. 

By  Prof.  T.  Rupert  Joitbs,  F.R.S.,  and  Jaxes  W.  Kirkbt,  Esq. 

(PLATE  VII.) 

THE  Carboniferous  Ostracoda  here  described  are  from  the  deep 
Gay  ton  Boring,  near  Northampton.     Hand-specimens  of  the 
rook,  obtained  by  H.  J.  Eunson,  Esq.,  F.G.S.,  were  given  to  us  by 

B.  Etheridge,  Esq.,  F.B.S.,  some  months  ago;    and  Mr.  Eunson 
kindly  gave  us  another  piece  lately. 

To  explain  the  situation  of  the  bore,  as  well  as  the  position  of  the 
Carboniferous  strata  in  it,  we  quote  as  follows  from  Mr.  H.  J. 
Eunson's  paper  "On  the  Palsdozoic  Bocks  beneath  Northampton,"  in 
the  Quart  Joum.  Geol.  Soc.  vol.  xl.  1884,  p.  486,  etc. : 

"The  second  trial  took  place  near  the  village  of  Gay  ton,  five  miles 
south-west  of  Northampton,  not  far  from  the  Banbury-lane  crossing 
of  the  L.  and  N.-W.  Bailway,  about  two  miles  north-west  of  Blis- 
worth  Station  (see  Ordnance  Map  52  S.W.).  It  was  thought  that» 
nnder  the  known  attenuation  of  the  Trias  westward,  the  Waterstones 
could  be  found,  if  only  the  site  selected  was  at  a  sufficient  distance 
beyond  the  Carboniferous  rocks  to  have  allowed  the  lower  beds  of 
the  Triassic  series  to  be  deposited  near  Northampton. 

'*  This  boring,  282  feet  above  sea-level,  was  commenced  at  the 
junction  of  the  Upper  with  the  Middle  Lias,  followed  by  the  Lower 
Lias  clays,  the  aggregate  thickness  of  which  was  581  feet.'* 

The  White  Lias  and  Bhsdtic  beds,  36  feet  thick,  are  described  as 
resting  on  a  slightly  eroded  surface  of  the  Triassic  strata,  which  are 
82  feet  6  inches  thick.  The  lowest  of  these  latter  contained  much 
debris  of  Carboniferous  rocks.  These  last  began,  in  the  boring  at 
699  feet,  with  the  eroded  Carboniferous  Limestone.  From  about  31 
feet  6  inches  lower  down  was  brought  up  a  bluish-grey  shale ;  and 
from  a  little  below  that  a  greenish-grey  shale.  The  former  has  yielded 
the  little  fossils  here  described.  The  latter  contains  similar  Microzoa. 
The  boring  was  continued  into  the  Old  Bed  Sandstone,  and  to  a 
depth  of  994  feet,  without  getting  the  supply  of  water  sought  for. 

The  minute  specimens  under  notice  were  obtained  for  us  by  Mr. 

C.  D.  Sherbom  by  breaking  and  washing  the  rock  in  which  they  had 
been  imbedded.    There  b  a  fair  quantity  of  them^ — certainly  a  few 
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handreds.  The  majority  are  single  valves;  and  all  of  them  are 
thick-shelled  and  have  a  robust  appearance. 

In  the  hand-specimens  referred  to  we  found — in  the  greenish-grey 
shale  (at  731  feet),  a  few  Ostracoda,  and  numerous  fragments  of 
calcareous  organisms,  chiefly  of  Serpulm,  some  of  Shells,  and  some 
possibly  Encrinital : — in  the  bluish-grey  shale  (at  730  feet),  many 
Ostracoda,  besides  numerous  calcareous  fragments  as  above. 

In  both  shales  the  organic  remains  are  crowded  here  and  there 
along  irregular  planes  and  in  other  groups. 

For  the  lists  of  fossils  in  the  associated  beds  see  Quart.  Joum. 
Geol.  Soc  Aug.  1884,  pp.  487-8. 

Bemarhs  oy»  the  Speetea. 

1.  KiKKBYA  vABiABiLis,  sp.  nov.     PI.  VII.  Figs.  4a,  4t  (type) ;  5a, 
5b  (var.  o) ;  6,  7a,  76  (var.  b) ;  8a,  86  (var.  c). 

The  prevailing  form  among  this  little  group  of  Ostracods  is  a 
Kirkbya  which  has  strong  Beyrichian  affinities.  Some  specimens  of 
it  are  scarcely  to  be  distinguished  from  such  nnisulcate  species  of 
Beyrichia  as  B,  arcuata  (Bean)  ;  but  most  examples  show  the  valves 
ribbed  after  the  fashion  of  Kirkbya,  in  which  genus  we  place  it. 

It  varies  much  in  relative  length  and  height ;  some  specimens  are 
nearly  twice  as  long  as  high,  others  are  only  a  fourth  longer  than 
high,  while  some,  indeed,  are  nearly  as  high  as  long.  What  may 
be  taken  as  the  local  typical  form,  being  the  most  common,  can  be 
described  thus : 

Suboblong  in  outline,  height  rather  more  than  half  the  length, 
dorsal  border  straight,  ventral  border  convex,  extremities  rounded. 
The  more  compressed  end,  which  we  take  as  the  anterior,^  is  more 
perfectly  rounded  than  the  posterior,  which  projects  above,  and  is  of 
less  height  than  the  other.  Valves  compressed  in  front,  swollen 
behind,  with  a  transverse  subcentral  sulcus;  this  is  crossed  by  a 
strong  longitudinal  rib,  which  gives  its  lower  portion  the  form  of  a 
subcentral  pit ;  traces  (more  or  less  strong)  of  another  and  lower 
rib  are  usually  present  along  the  ventral  convexity  of  the  valve ; 
and  there  is  nearly  always  a  narrow,  sharp-edged  rib  near  to,  and 
almost  parallel  with,  the  dorsal  margin.  The  valves  are  thick-shelled 
and  the  right  is  larger  than  the  left,  and  overlaps  it  strongly  along 
the  ventral  and  extreme  margins.  Seen  from  above  almost  lanceolate 
in  outline,  with  the  greatest  diameter  behind.  Surface  smooth. 
Length  A  to  tV  inch. 

Var.  a.    Figs.  5a,  66. 

This  is  a  shorter  form,  being  only  a  fourth  longer  than  high ;  with  the 
ventral  margin  more  convex,  and  with  the  posterior  extremity  much 
the  highest  The  sulcation  and  costal  arrangement  are  the  same, 
and  the  right  valve  overlaps  the  other,  as  in  the  type  form. 

Var.  6.    Figs.  6,  7a,  76. 

This  variety  is  short  and  high,  like  that  just  noticed,  but  the 

*  This  is  tbe  Tiew  we  take  now ;  bat  it  was  not  followed  thronghoat  in  a  former 
paper  on  Kirkb^m,  Ann.  Mag.  K.  H.  March,  1885. 
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oarapaoe  is  fully  as  high  at  one  end  as  the  other,  the  curve  of  the 
posterior  extremity  forming  a  more  obtuse  angle  with  the  ventral 
margin,  whioh  is  but  slightly  convex.  The  general  outline  is  thus 
more  subquadrate  than  in  the  others. 

Var.  c.    Fig.  8. 

This  is  very  like  Beyrichia  arcuaia  (Bean)  in  appearance,  and  we 
were  at  first  disposed  to  keep  it  apart  from  the  present  species,  for  it 
shows  no  indications  of  the  two  stout  ribs  along  the  centre  of  the 
valves,  but  it  possesses  the  sharp  dorsal  rib  or  crest  in  full  force. 
This  latter  feature,  and  similar  ventral  overlap  by  the  right  valve, 
together  with  the  way  in  which  the  ribs  become  nearly  obsolete  in 
otlier  examples  of  variabilis,  cause  us  to  group  it  with  this  species. 

From  the  number  of  specimens  of  this  species  obtained  from  the 
shale  of  the  boring,  it  would  appear  to  have  been  of  gregarious 
habit     Most  of  the  specimens  are  single  valves. 

2.  EiBKBYA  PLioATA,  Joucs  and  Kirkby.    Plate  VII.  Figs,  la,  16, 

2,  3a,  36. 
K.  plieata,  J.  and  K.  1867,  Trana.  Geol.  Soc.  Olasgow,  vol.  ii.  p.  221. 
K.  plioata,  J,  and  K.  1886,  Ann.  Mag.  Nat.  Hist  ser.  6,  toL  xy.  p.  184,  pi.  iii. 
fig.  9,  10a,  b. 

Valves  of  this  species  are  not  rare  among  the  Gayton  Ostraoods. 
They  differ  a  little  from  typical  specimens ;  their  outline  is  more 
nearly  oblong,  the  dorsal  and  ventral  margins  being  almost  parallel, 
and  Uie  ends  nearly  alike.  The  two  longitudinal  ribs  that  traverse 
the  central  portion  of  the  valve  are  well  marked,  slope  upwards 
posteriorly,  and  are  looped  together  forward  (in  most  examples).  The 
subcentral  pit  or  constricted  sulcus  is  deep  and  placed  anteriorly. 
One  of  the  specimens  shows  a  finely  reticulated  surface;  all  the 
others  we  have  examined  are  smooth.  The  shell  is  thick  ;  and  the 
length  about  ^  inch. 

K.  pUeata  is  not  a  common  species.  It  was  first  found  in  Car- 
boniferous Limestone,  at  Backwell,  Charterhouse,  and  Weston-super- 
Mare,  in  Somerset.  It  has  not  been  noticed  elsewhere  in  England. 
In  Scotland  it  occurs  at  various  localities  of  the  Calciferous-Sandstone 
Series ;  and  very  rarely  in  beds  in  the  lower  portion  of  the  Carbon- 
iferous-Limestone Series. 

3.  Bythooypbis  sublunata,  Jones  and  Kirkby,  MS.    Plate  TLL 

Figs.  9a,  96,  9c,  10,  11. 

This  is  a  species  well  known  to  us,  though  as  yet  undesoribed. 
It  was  first  sent  us  by  Mr.  James  Bennie  (Geological  Survey  of 
Scotland),  in  a  washing  of  shale  from  Staneshiel  Bum,  Hoxburgh- 
shire;  cJso  from  another  shcde,  at  Tweeden  Bum,  in  the  same 
county.  Both  these  localities  are  in  the  Calciferous-Sandstone 
Series.    The  species  may  be  briefly  described  as  follows  : — 

Carapace  subtriangular  or  lunate  in  outline ;  tumid :  with  left 
valve  overlapping  the  right  all  round.  Dorsal  mai^in  boldly  and 
almost  evenly  arched ;  ventral  margin  straight  or  slightly  convex ; 
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extremities  pointed  and  nearly  alike,  tbongb  the  posterior  is  rather 
the  most  aoate ;  seen  from  above  ovate,  with  the  greatest  diameter 
rather  behind  the  oentre.  Within  and  a  little  below  the  margin  of 
each  valve  a  thin  sloping  ledge  or  plate  projects  inwards,  and  is 
most  devdoped  at  the  extremities  (Fig.  10) ;  surface  smooth  (finely 
polished  in  examples  from  Staneshid  Bum) ;  shell  thick ;  length 
Vb-  inch. 

We  refer  this  species  to  Bythocypris  doubtfully.  The  overr 
lapping  valve  appears  to  be  the  left,  but  it  is  difficult  to  speak  with 
decision  on  this  point,  both  in  this  case  as  well  as  in  some  other 
Carboniferous  species.  Were  the  right  valve  the  largest,  then 
Macrocypria  would  apparently  be  the  better  genus  in  which  to 
place  it 

It  is  a  comparatively  common  form  among  the  Gayton  Ostracods, 
occurring  both  as  single  and  united  valves.  Individuals  show  some 
differences  in  relative  length  and  height.  Fig.  11  represents  one 
of  the  longest  of  them,  and  rather  suggests  relationship  with 
another  Lower-Carboniferous  species — ArgiUcBcia  aqualis,  J.  &  K.  MS. 

Cytheref  lunaia,  J.  &K.  (undescribed),  from  the  Carboniferous 
Limestone  of  Holwell,  Somerset,  has  some  resemblance  to  the  pre- 
sent species,  though  larger ;  and  it  may  probably  be  a  related  form. 

4.  Maobooypris  Jonbsiana,  Kirkby.     Plate  VIL  Fig.  12. 

Bairdia  Jonetiana  (Kirkby),  1869.  Ann.  and  Mag.  Nat.  Hist.  ser.  3,  vol.  ii. 
p.  432,  pi.  XL  figs.  1,  2. 

Fig.  12  represents  a  specimen  that  comes  nearer  to  this  species 
than  anything  else  we  know.  The  dorsal  margin  is  not  so  regularly 
arched  as  in  B,  eMunataf  the  posterior  slope  being  longer  and 
flatter  than  the  anterior;  and  the  anterior  extremity  is  broadly 
rounded,  while  the  posterior  is  subacute.  We  refer  it  to  M..  Jonenana, 
with  some  doubt 

5.  Ctthsbblla  extubbbata,  Jones  and  Eirkby.    Plate  VII.  Figs. 
13a,  136,  13c,  13d. 

Ltperdiiia  Okeni  (Miinster),  Tar.  txtuberata,  J.  &  E.  1880,  Quart.  Jonm.  Geol. 
Soo.  voL  xixri.  p.  688. 

This  species  was  discovered  by  one  of  us  several  years  ago  in  the 
Calciferous  Seindstones  of  Fifeshire.  It  was  then  considered  to 
belong  to  Zeperditia,  and  to  be  probably  a  variety  of  the  common 
Carboniferous  species,  L.  Okeni  (Mtlnster).  This  opinion  was  arrived 
at  by  a  study  of  specimens  imbedded  in  the  matrix,  only  partially 
showing  external  characters,  and  by  our  taking  the  straight  edge  as 
the  uppermost  or  dorsal  margin. 

Some  years  after  this  we  received  examples  of  the  same  fossil 
froQi  our  friend,  Mr.  James  Bennie,  who  collected  them  from  the 
Calciferous-Sandstone  shale,  at  Staneshiel  Bum,  already  mentioned. 
These  specimens  were,  in  many  cases,  single  valves,  finely  preserved, 
showing  the  interior ;  and  from  these  it  is  evident,  owing  to  one 
valve  being  much  liurger  than  the  other,  and  from  it  having  an 
internal  marginal  groove  for  the  reception  of  the  smaller  valve,  that 
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the  Rpeoies  is  more  Dearly  related  to  Cytherelia  ^  than  to  Leperditta. 
To  that  genus  then  we  refer  it ;  and  in  doing  so  we  consider  that 
the  convex  edge  is  the  baok,  thus  bringing  the  large  valve  to 
the  right  hand,  and  the  more  compressed  or  narrowest  half  of  the 
carapace  to  the  front  as  the  anterior  portion,  and  so  have  it  in 
harmony  with  what  is  to  be  observed  in  other  Cytkerellm, 

From  the  Qayton  specimens  we  give  the  following  provisional 
description,  with  the  intention  of  noticing  the  species  more  fully  on 
another  occasion. 

Carapace  snbovate  in  outline ;  dorsal  margin  arched  and  highest 
about  the  posterior  third;  ventral  margin  straight  or  faintly 
incurved ;  extreipities  rounded,  the  posterior  obliquely  so ;  the 
hinder  third  much  higher  than  the  anterior ;  the  carapace  is  tumid 
and  high  behind,  compressed  and  low  in  front  The  left  valve  is 
much  smaller  than  the  right ;  not  much  more  than  half  as  high  as 
long,  while  the  right  is  two-thirds  as  high  as  long ;  the  right  valve 
overlaps  the  left  round  the  whole  of  its  margin.  Viewed  from  above 
the  profile  of  the  carapace  is  subovate,  widest  behind,  pointed  in 
front.  End  view  oval.  It  is  rather  thick-shelled;  the  surface  is 
smooth.     Length  -gV  inch. 

The  only  other  English  locality  for  this  species  is  Skellygate, 
Northumberland,  where  it  occurs  in  a  shale  of  the  Lower-Carboni- 
ferous Series. 

6.  Cythkbella  attentjata,  Jones  and  Kirkby.  Plate  VIL  Figs. 
14a,  146,  14c 
Leperditia  attmuata,  J.  and  E.  1880,  Quart.  Journ.  GeoL  8oo.  Tol.  xxxri.  p.  688. 
One  or  two  examples  of  another  fonn,  also  formerly  referred  by 
us  to  Leperditia,  occur  with  the  other  specimens  from  Gayton.  It  is 
often  found  along  with  G.  extuberata  in  Fife,  and,  like  the  latter,  it 
probably  belongs  to  CythereUa.  Indeed,  we  are  not  sure  that  the 
relationship  may  not  be  closer  to  the  species  just  described,  for  it  is 
possible  that  t^e  differences  observed  may  be  due  to  sex.  These 
differences  consist  chiefly  in  the  somewhat  neater  form  of  attenuataf 
in  the  less  strong  (though  still  complete)  overlap  of  the  right  valve, 
and  in  the  lateral  contour,  when  seen  from  above,  being  more 
regularly  lenticular,  the  ends  being  almost  alike,  and  the  greatest 
diameter  being  near  the  centre.  In  this  latter  character  it  certainly 
looks  very  different  from  C.  exivberata,  and  for  the  present  we  leave 
it  a  distinct  species. 

There  are  thus  six  recognizable  forms,  or  species,  among  the 
Ostracods  from  the  Gayton  Boring,  namely — 

Kirkbya  variabilut  sp.  nor.  Maeroeypris  Jonetiana  (P),  K. 

K,plieaia,  J.  and  K,  Cythtrella  4Xtttbmrata,  J.  and  K. 

Byihoeyprii  ntbtunata,  J.  and  E.,  MS.       C,  attenuata,  J.  and  E. 

Five  of  these  were  previously  known  to  us  from  other  localities ; 
and  one,  which  is  the  most  abundant,  is  new.     Of  the  former,  all  of 
them  are  essentially  Lower-Carboniferous  forms,  being  most  com- 
^  See  Monogr.  Carbonif.  Entom.  Pal.  Soc.  1884,  p.  58. 
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monly  found  in  the  Calciferous-Sandstone  Series  of  Scotland,  and  the 
more  or  less  equivalent  Carboniferous  Limestone  of  £ngland.  Three 
of  them,  indeed, — B,  aublunnta,  C.  extuberata,  and  C.  attenuata, —  have 
not  occurred  above  the  Calciferous  Sandstones ;  and  the  other  two 
do  not  range  higher  than  the  lower  portion  of  the  Carboniferous- 
Limestone  Series  of  Scotland ;  that  is,  speaking  of  the  Carboniferous 
rocks  only,  for  it  should  not  be  forgotten  that  M.  Jonenana  is  a 
Permian  species. 

EXPLANATION  OF  PLATE  VII. 
(The  Bpecimens  are  magnified  about  25  diameters.) 

Fig.  1-3.  Kirkbya  plieata,  J.  and  E. ;    U,  left  valre;  15,  yiew  of  ventral  edge; 

fig.  2,  ri^ht  valve ;  fig.  3a,  left  valve,  showing  reticulated  surface ; 

35,  end  view. 
Fig.  4-^.  JT.  variabilii,  sp.  nov. ;  4a«  carapace,  right  valve  outwards ;   45,  ventral 

view ;  ie,   end  view ;   fig.  5a,  carapace,  right  valve  outwards ;   55, 

ventral  view ;  fig.  6,  left  valve ;  fig.  7a,  carapace,  left  valve  outwards ; 

75,  end  view  ;  8a,  carapace,  left  valve  outwaras  ;  85,  ventral  view. 
Fig.  9-11.  BifthoeyprU  ?  iublunata^  J.  and  K. ;  9a,  carapace,  right  valve  outwards  ; 

95,  ventral  view ;  9^,  end  view ;  fig.  10,  interior  of  left  valve ;  fig.  11, 

left  valve. 
Fig.  12.  Macroeypria  Joneiiana  f  Eirkby;  right  valve. 
Fig.  13.    Cytherella  extuherata,  J.   and  E. ;  13a,  carapace,  right  valve  outwards ; 

135,  left  valve;    13^,  dorsal  view;    13^,  end  view;  13^,  interior  of 

right  valve.     Fig.  13e  is  from  Staneshiel  Bum,  Boxborghshire. 
Fig.  14.  C,  attenuata,  J.  and  E. ;  14a,  carapace,  left  valve  outward ;  145,  ventral 

view ;  14^,  end  view. 


III. — On  THi  Paubontoloqy  of  the  Sblachian  Genus  Notidakus^ 

CUYIKB. 

By  A.  Smith  "Woodward,  F.G.8., 

of  the  British  Museum  (Natural  History). 

{Continued  from  page  217.) 

OF  tbe  upper  dental  series,  Probst'  attempts  to  give  a  tolerably  oom- 
plete  account,  but  it  is  only  illustrated  by  very  imperfect  wood- 
outs.  Two  of  tbe  foremost  awl-sbaped  teetb  are  figured  by  Lawley 
(!.c.  figs.  2,  3),  and  tbe  same  autbor  ascribes  to  tbe  upper  jaw  of  tbis 
species  tbree  otber  of  tbe  Pliocene  specimens.  Fig.  19  represents  an 
anterior  upper  tootb  from  tbe  Middle  Eocene  of  Hampsbire,  and 
tbe  original  of  Fig.  20  is  anotber  from  tbe  Miocene  of  Baltringen, 
Wiirtemberg.  Tbe  former  (B.  M.,  p.  4707)  exbibits  a  sbort  tbick 
base  witb  an  oblique  principal  cone,  in  front  of  wbicb  are  a  number 
of  minute  denticulations ;  posteriorly  tbere  is  only  one  secondary 
cone,  pointing  sbarply  backwards,  and  about  balf  tbe  size  of  tbe 
principal  cone  ;  and  tbis  is  followed  by  anotber  small  denticle.  I'be 
second  specimen  (6.  M.  35583)  bas  also  a  sbort  tbick  root,  and  sbows 
a  somewbat  similar  crown  ;  tbe  large  principal  cone  is  followed  by 
one  small  secondary  and  a  terminal  denticle,  and  in  front  tbere  are 

^  In  his  first  paper  (**  Ueher  das  Gebiss  dee  Notidanus  primigenim,  Ag.,*'  l.e,) :  in 
1879  the  author  expressed  doubts  as  to  the  accuracy  of  his  previous  work,  but  it  is 
not  improbable  that  all  the  specimens  at  first  figured  may  belong  to  the  species  under 
Considmtion. 
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a  few  ooarse  serrations  at  its  base.  To  a  position  somewhat  farther 
back  in  the  npper  jaw  may  also  be  referred  the  tooth  represented  in 
Fig.  21 ;  this  was  obtained  from  the  Bed  Crag  of  Woodbridge,  and 
is  preserved  in  the  Reed  Collection  of  the  York  Moseum. 

N.  primtgentua  is  perhaps  the  most  widely  distributed  of  all  the 
extinot  species  of  the  genus,  and  is  especially  noteworthy  on  account 
of  its  considerable  size.  It  is  much  larger  than  N.  aerraiissimus,  and 
its  lower  teeth  also  differ  from  that  species  in  having  more  secondaiy 
cones,  and  in  possessing  finer  anterior  serrations,  which  are  not 
regular,  but  decrease  from  above  downwards.  With  the  exception 
of  a  brief  notice  by  myself,^  there  appears  to  have  been  no  record 
hitherto  of  the  occurrence  of  the  species  in  Britain,  but,  as  already 
stated,  the  originals  of  three  of  the  figures  illustrating  this  descrip- 
tion have  been  obtained  from  English  deposits,  and  are  derived 
from  the  Middle  Eocenes  of  Barton  and  Braoklesham,  and  the  Bed 
Crag  of  Suffolk.    It  is  not  known  to  occur  in  the  London  Clay. 

On  the  Continent  there  are  numerous  allusions  to  teeth  of  this 
specific  type,  from  the  Oligocene  and  Miocene,  and  the  British 
Museum  also  contains  specimens  from  the  Eocene  of  Klein  Span- 
wen,  in  Belgium.  A  single  tooth  has  likewise  been  described  by 
Gibbes  from  the  Eocene  of  Richmond,  in  Virginia,  and  shows  that 
this  species  extended  into  the  New  World  in  early  Tertiary  times  : 
it  would  be  unsafe  at  present,  however,  to  regard  all  the  notices  of 
iV.  primigeniua  as  correct  determinations,  although  the  analogy  of 
other  fossil  sharks  is  far  from  rendering  improbable  so  wide  a  range 
in  time  and  space  as  has  already  been  assigned  to  it.  Winkler 
mentions  specimens  from  the  Middle  Oligocene  of  Belgium ;  Renault 
and  others  record  the  species  in  France ;  Orueta  in  Spain ;  Adams 
in  Malta ;  Lawley  in  Itidy  (Pliocene) ;  and  the  references  to  Oerman 
specimens  are  far  too  numerous  to  mention. 

15.  N.  BKPBNs,  Probst 

1879.    N,  rtpens,  J.  Probst,  Wiirttb.  Jahreeh.  vol.  xxxt.  pp.  163-166,  pi.  iii. 
figs.  18-22. 

Founded  upon  some  small  teeth  from  the  Miocene  of  Baltringen, 
Wtlrtemberg.  The  cones  are  all  extremely  low,  and  were  perhaps 
eight  in  number  in  the  lower  teeth,  with  large  anterior  serrations : 
the  specific  identity  of  all  the  specimens  figured  appears  somewhat 
doubtful. 

16.  N.  BissBEATUs,  Munstcr. 
1842.  N,  hUerratut,  Graf  Ton  Miinster,  "Beitr.  Petref.'*  pt.  y.  p.  66,  pi.  xy.  fig.  9. 
This  species  was  founded  upon  a  small  tooth  from  the  Oligocene 
of  Neudorft  in  the  Vienna  Basin,  but  does  not  appear  to  have  been 
recorded  since  its  original  description.  The  principal  cone  is  about 
four  times  the  size  of  the  largest  of  the  secondary  cones,  and  the 
latter  are  no  less  than  twelve  in  number*  The  eight  anterior  cones 
are  distinctly  serrated  on  both  edges. 

>  Smith  Woodward,  "  Chapters  on  Fossil  Sharks  and  Rajs.^II.,"  Science  Gossip, 
Tol.  XX.  (1884),  pp.  229,  230. 
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17.  N.  Loozi,  Vincent. 

1876.  2f,  Looei,  G.  Tiiioent,  Ann.  Soc.  Malaool.  Belgique,  vol.  xi.  p.  126,  pi.  yi.  fig.  5, 
I  am  indebted  to  Mr.  G.  P.  Harris  for  the  reference  to  M.  Vincent's 

description  of  a  fragmentary  tooth  of  Notidanua  under  the  specific 
name  of  N,  Loozi.  The  specimen  in  qaestion  was  obtained  from  the 
Lower  Landenien  (Thanet  Sand)  of  Belgium,  and  exhibits  nothing 
beyond  the  anterior  portion  of  the  crown:  it  indicates  a  species 
about  the  size  of  N.  primigeniua,  and  it  is  distinguished  from  the 
tooth  of  this  well-known  form  by  the  peculiar  shape  of  the  cones, 
and  the  very  large  denticulations  in  front  Notwithstanding  its  im- 
perfect character,  the  type-specimen  appears  to  justify  the  author's 
conclusions. 

18.  N.  Targionh,  Lawley. 

1877.  if.  T»rpi&nii,  R.  Lawley,  Atti  Soc.  Toecana  Soi.  Nat  p.  71,  pi.  ii.  fig.  3. 

A  small  species  founded  upon  lower  teeth  from  the  Pliocene  of 
Tuscany.  The  type  specimens  are  evidently  very  similar  to  the 
mandibular  teeth  described  above  as  immature  examples  of  JV. 
8errai%8Bimw* 

19.  N.  oiOAs,  Sismonda. 

1857.    If.  9HI^9  £•  Sismonda,  Mem.  R.  Aecad.  Soi.  Torino,  ser.  2,  toI.  zix.  p.  460, 

%.  18. 
1877.     „     „      R.  Lawley,  Atti  Soc.  Toecana  Sci.  Nat.  p.  68,  pi.  i.  fig.  6. 

A  species  allied  'to  N.  primgemua,  but  with  the  lower  teeth  re- 
latively longer,  the  cones  less  regular,  and  the  anterior  serrations 
of  the  crown  more  pronounced.  Occurs  in  the  Miocene  of  Mondovi, 
Piedmont,  and  the  Pliocene  of  Volterrano,  Tuscany. 

It  is  interesting  to  be  able  to  add  that  teeth  undoubtedly  referable 
to  this  species  have  also  been  obtained  from  the  Pliocene  of  Britain. 
Through  the  kindness  of  Mr.  Reed,  the  Hon.  Curator  in  (Geology, 
and  Mr.  Noble,  the  Hon.  Secretary,  of  the  York  Museum,  I  have 
had  the  opportunity  of  examining  the  beautiful  series  of  Crag  Noti- 
danidsd  in  the  Beed  Collection  of  that  institution,  and  among  these 
there  is  a  very  perfect  crown  of  iVi  gigaa,  shown  in  the  accompany- 
ing woodcut  (Fig.  1).    The  specimen  has  been  considerably  rolled 


Fig.  1. — ^Tooth  of  Notidanus  gigatj  Sismonda.    Red  Crag,  Suffolk. 
[Reed  Coll.,  York  Museum.] 

and  abraded,  so  that  the  anterior  serrations  are  scarcely  visible,  and 
the  root  is  wanting,  but  it  is  otherwise  a  most  typical  example.  An 
upper  side  tooth  in  the  same  collection  may  also  perhaps  be  asso- 
ciated with  this  form. 

20.  N.  MBNsaHiNii,  Lawley. 
1877.    N.  Mensffhinii,  R.  Lawley,  Atti  Soc.  Tosoana  Sci.  Nat  p.  72,  pL  ii.  fig.  4. 
Some  large  mandibular  teeth  from  the  Pliocene  of  Volterrano, 
Tuscany^  have  been  described  by  Lawley  under  this  specific  name. 
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The  principal  cone  is  relatively  large,  and  is  followed  by  ten  to 
twelve  secondary  cones;  at  its  base  the  enamel  of  the  crown  ex- 
tends far  down  upon  the  root,  and  the  long  anterior  border  thus 
produced  is  strongly  serrated  for  quite  two-thirds  of  its  extent 
A  tooth  of  this  species  from  the  Bed  Crag  of  Woodbridge  is  also 


Fio.  2.— Tooth  of  Xotidanut  M$neghin%i^  Lawley.    Red  Cnur,  Saffolk. 
[Reed  Coll.,  York  Museum.] 

preserved  in  the  Reed  Collection  of  the  York  Museum.  It  is  shown 
of  the  natural  size  in  the  woodcut  (Fig.  2).  An  anterior  upper 
tooth  from  the  Red  Crag  of  Bawdsey  is  also  perhaps  referable  to 
the  san>e  form. 

21.  N.  D'Ancona,  Lawley. 
1877.    a:  jyAncona,  R.  Lawley,  he.  cit.  p.  73,  pi.  iii  figs.  1,  2. 

A  small  species.  The  teeth  consist  of  four  to  six  acute  cones,  the 
first  or  principal  cone  being  very  large  compared  with  the  others, 
and  the  anterior  edge  is  serrated  for  a  considerable  length.  It  is  a 
rare  form  in  the  Pliocene  of  Volterrano  and  Orciano  Pisano,  Tuscany ; 
and  Probst*  also  describes  some  teeth  from  the  Miocene  of 
Baltringen,  Wiirtemberg,  under  the  same  specific  name,  but  this  is 
a  very  questionable  determination. 

22.  N.  PBOBLBMATiouH,  Lawley. 
1877.     N.  prohhmatieuiy  R.  Lawley,  loe,  eii,  p.  74,  pi.  iii.  figs.  3,  4. 

This  is  a  very  doubtful  species  founded  upon  an  upper  tooth  from 
the  Tuscan  Pliocene,  and  merely  named — as  the  author  states — to 
call  attention  to  the  peculiar  specimen  figured. 

23.  N.  ANOMALE,  Lawley. 
1877.    N.  anomale^  R.  Lawley,  loe,  tit.  p.  74,  pi.  iii  fig.  5. 

If  the  mandibular  tooth  figured  by  Lawley  as  the  type  of  this 
species  is  genuine — as  seems  probable,  notwithstanding  the  fracture 
across  its  middle — it  represents  the  largest  member  of  the  genus 
hitherto  recorded,  lliere  are  no  less  than  14  secondary  cones,  and 
the  tooth  measures  more  than  five  centimetres  in  total  length.  The 
principal  cone  and  the  three  following  are  curiously  contorted — 
though  it  is  possible  that  this  may  be  an  abnormal  condition — and 
the  anterior  edge  of  the  first  is  strongly  denticulated.  An  upper 
tooth  is  also  figured  (pi.  iii.  ^g.  6)  which  may  perhaps  belong  to  the 
same  form.     Both  are  from  the  Pliocene  of  Tuscany. 

^  J.  Probst  '^•Beitr&ge  zur  fienntniss  der  fossilen  Fische  aus  der  Molasse  Ton 
Baltringen,"  Wurttb.  Jahresh.  toI.  zxzt.  (1879),  pp.  166— 169,  pU  iii.  figs.  6—11. 
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Sitch  is  a  brief  enumeration  of  the  various  specilio  types  of  fossil 
NotidanidsB  that  have  hitherto  oome  under  my  notice.  One  other 
form  has  also  been  assigned  to  this  genus  by  Winkler,^  under  the 
name  of  N,  OrpienaiB,  but  this  is  apparently  an  erroneous  determina- 
tion: the  type-specimens  are  from  the  Thanet  Sand  (Heersien)  of 
Orp-le-Qrand,  Belgium,  but  only  one  (Lc.  fig.  16)  seems  referable  to 
NoUdanns^  and  that  is  too  impeHfeot  to  name  specifically. 

And  now,  in  conclusion,  there  are  one  or  two  general  considera- 
tions suggested  by  the  foregoing  facts  to  which  it  may  be  interesting 
briefly  to  refer.  On  examining  the  various  forms  of  teeth  in  strati- 
graphical  order,  it  is  at  once  evident  that  there  are  distinct  traces  of 
specialization.  In  the  earliest  Jurassic  types  hitherto  known,  with 
a  single  exception  {N,  aerratua)^  the  secondary  cones  are  only  two, 
three,  or  four  in  number,  while  most  members  of  the  genus  of  Ore- 
taceous  and  Tertiary  age  possess  at  least  six  or  seven  io  the  lower 
teeth,  and  one  Pliocene  species  {N.  anomaU)  has  been  recorded  with 
no  less  than  fourteen :  it  is  also  noteworthy  that  some  of  the  Jurassic 
teeth  are  characterized  by  the  absence  of  anterior  serrations  on  the 
principal  cone.  Again,  it  is  interesting  to  observe  that  the  very  deep 
compressed  fibrous  root  of  the  more  recent  Notideuiidsd  only  began 
to  assume  its  peculiar  characters  towards  later  Cretaceous  times,  the 
base  in  such  species  as  N,  aerratua  and  iV.  Daviem  being  compara- 
tively thick  and  depressed,  and  very  suggestive  of  that  of  Hybodu$, 
The  earliest  species  of  Notidanus,  indeed,  have  teeth  so  remarkably 
similar  to  those  of  certain  Hybodonts,  that  not  only  did  Phillips — 
as  already  stated — figure  two  specimens  under  the  name  of  Hybodus 
pofyprion,  but  at  least  one  other  palsdontologist '  appears  to  have 
made  the  reverse  mistake.  A  careful  study  of  a  large  series  of 
specimens  of  the  well-known  Stonesfield  species  results  in  the  dis- 
covery of  some  teeth  that  may  almost  be  regarded  as  links  between  the 
two.  The  originals  of  Figs.  1, 2,  PL  VL,  for  example,  are  such  forms 
as  would  be  commonly  associated  with  Hyhodun  polyprion,  but  a  very 
slight  modification  is  necessary  to  convert  them  into  most  typical 
Kotidanidad,  and  I  have  considerable  doubts  as  to  the  propriety  of 
placing  them  with  IJyhodua  at  all.  To  transform  a  long-coned 
Hybodont  tooth  into  one  of  Notidanus,  it  is  only  necessary  to  assumie 
lateral  compression  and  the  reduction  or  loss  of  the  anterior  secondary 
oones,  and  the  teeth  represented  in  Figs.  1  and  2,  PI.  YI.,  exhibit  a 
marked  approach  to  this  condition.  Fig.  1  shows  a  large,  compressed 
principal  cone,  preceded  by  four  secondary  cooes,  and  followed  by 
two  others,  the  former  being  reduced  to  quite  small  denticles,  while 
the  latter  are  comparatively  well  developed  :  the  front  edge  of  the 
principal  cone  is  distinctly  denticulated  for  half  its  length,  and  so 
also  is  the  first  secondary ;  and  there  are  traces  of  vertical  wrinkles 

*  T.  C.  Winkler, "  M^moire  nir  qnelques  Restee  de  Poissonsda  Syst^e  Heersien,*' 
Arcbiv.  Mua.  Teyler,  toI.  ir.  fasc.  i.  pp.  12.  13,  figs.  13-17. 

•  E.  Favre,  **  Description  des  FossUes  du  Terrain  Oxfordien  des  Alpes  Tribour- 
^eoisee,"  M^m.  8oc.  Pal^ont.  Suisse,  vol.  iii  (1876).  p.  16,  pi.  ii.  fig.  1.  The  tooth 
IS  described  as  Notidanus  sp.,  bat  the  figure  agrees  much  more  closely  with  that  of  a 
species  of  Bybodut, 

DMCADB  UU — ^TOL.  in. — MO.  TI,  17 
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at  the  base  of  the  crown.  Fig.  2  is  a  smaller  bat  very  similar  tooth, 
and  the  characters  of  both  these  specimens  are  such  ^at  they  might 
well  be  looked  upon  as  closely  allied  to  ancestral  Notidanidie,  even 
if  not  actually  upon  the  main  line  of  descent  of  this  family. 

Another  interesting  fact  worthy  of  consideration  is  the  distinct 
evidence  of  wear  already  noted  in  the  dentition  of  the  N.  eximtus  of 
Schnaitheim  (p.  ^10)  ;  it  is  impossible  to  conceive  of  this  taking  place 
in  Sharks  that  have  the  teeth  so  loosely  attached  to  the  jaw,  and  so 
frequently  replaced  as  are  those  of  the  living  NotidanidsB,  Lanmidsei, 
Garchariidad,  etc,  and  I  have  never  observed  the  peculiarity  either 
in  the  Recent,  Tertiary,  or  Cretaceous  forms.  The  circumstance  is 
very  suggestive,  indeed,  of  the  oldest  Notidanidie  having  the  teeth 
as  firmly  implanted  as  those  of  the  Hybodonts,  in  which  there  were 
two  or  more  rows  in  function  at  a  time,  and  in  which  also  the  longest 
cones  often  show  most  evident  traces  of  abrasion.  The  shape  of  the 
root  is  quite  in  accordance  with  this  supposition.  It  is  proper  to 
add,  however,  that  I  have  met  with  no  very  decided  abrasion  among 
the  large  series  of  British  Museum  specimens  of  J^i  polyprion,  which 
seem  most  nearly  to  approach  I^otidanus,  although  this  fact  may  be 
partly  accounted  for  by  the  considerable  rolling  to  which  many  of 
the  teeth  have  been  subjected  before  entombment  in  the  Stonesfield 
Slate ;  the  cones  of  the  Carboniferous  Cladodus  are  often  much  worn 
down,  and  so  likewise  are  those  of  the  long-coned  species  of  Hybodui 
in  the  Muschelkalk. 

As  to  the  precise  significance  of  these  various  points  of  similarity 
between  the  Hybodonts  and  the  primitive  Notidanidsd,  it  would  be 
unsafe  at  present  to  express  any  definite  opinion.  Except  in  the 
structure  of  the  skull,  which  is  very  similar,^  the  latest  members 
of  each  family  exhibit  many  important  differences.  The  Hybodonts 
have  two  (spinous)  dorsal  fins,  and  at  least  since  Jurassic  times  the 
NotidanidsB  have  possessed  only  one ;  in  the  last  of  the  Hybodonts, 
moreover,  there  are  well-calcified  vertebrae,  while  so  advanced  a 
stage  is  far  from  reached  in  the  living  Notidanidee.  I  have  likewise 
been  able  to  determine  that  the  Wealden  species  of  Sybodus  only 
possessed  five  branchial  arches ;  and  there  are  also  other  points  of 
divergence  to  be  taken  into  account  When,  however,  more  is 
known  of  the  anatomy  of  the  earliest  Mesozoic  forms,  it  may  still 
be  possible  to  show  that  the  evidence  of  the  teeth  is  not  altogether 
misleading,  but  that  even  if  the  Notidanidsd  are  not  an  early  o&hoot 
of  the  HybodontidiB,  they  are  at  least  derived  from  the  same  primi- 
tive stock. 

EXPLANATION    OF   PLATE   VI. 

Fio.  1.  Tooth  commonly  referred  to  Mybodus  polj^prim,  Ag.  Great  OoUte,  Bath. 
B.M.  (p.  2186.} 

„  2.  Tooth  commonly  referred  to  Hyhodm  polyprion^  Ag.  Great  Oolite,  Stones- 
field.    fi.Bi.  (35494.) 

„  3.  Notidanut  eximiMi,  Wagn. ;  lower  tooth.  Oorallian,  Schnaitheim.  B.M. 
(35768.) 

^  Smith  Woodward,  **  On  the  Belalaons  of  the  Mandibular  and  Hyoid  Arches  in 
a  Cretaceous  Shark  {Hybodua  dubrisimsit,  Muckie),"  read  before  the  Zoological 
Society,  April  20th,  1886. 
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Fio.    4.  J\^<wiSiiiiiMM:tifMti«,'W'agi.;  lower  tooth,  outer  view.    Cora]lian,Sc1iiiaitheun. 

B.M.  (36763  oO 
M      6.  Notidanui  eximmtyWsign.. ;  upper  tooth,  inner  view.   Corallian,  Schnaitheim. 

BJf.  (22600.) 
„      6.  Noiidanut  tp,  ;  apper  tooth,  onter  Tiew.    Corallian,  Schnaitheim.    B.M. 

(22502.] 
„      7.  y.  ierratus  r  Fraas ;  apper  tooth,  outer  view.      Oxfordian,  Scarboroogh. 

B.M.  (86667.) 
„      8.  y,  Davieitu  A.  8.  Woodw. ;  lower  tooth,  outer  view.    Oxfordian,  St. 

Clement's.     Oxford  Museum. 
„      9.  Notidanm  tp,    Oxfordian,  St.  Clement's.     Oxford  Museum. 
,,    10.  y.  mierodm^  Agass. ;  anterior  upper  tooth,  outer  view.    Chalk,  Norwich. 

B.M.  (24927.) 
„    11.  J\r.  iNMrMfoft,  Agass. ;  upper  tooth,  outer  view.  Chalk,  Sussex.  B.M.  (4164.) 
„    12.  „  „  „        „  „  „      Kent.  B.M.  (44680.) 

„    13.  „  „       lower    „  Pinner    „         „  Norwich.  B.M. (24928.) 

t*     14.  „  „  ,-,        „     outer    „         „         „       B.M.  (35648.) 

„     15.  „  „  M         M        M        „         „  „       B.M.  (48960.) 

,,     16.  N,  hnctolatui,  A.  S.  Woodw.;  upper  tooth,  inner  yiew.    Oault.    B.M. 

(p.  1227.) 
ft     17.  if.  dentatui,  A.  S.  Woodw. ;   upoer  tooth,  outer  Tiew.    L.  Greensand, 

Amuri  Bluff,  New  Zealand.    B.M.  (p.  2303.) 
„    18.  y,  dentatus,  A.  S.  Woodw. ;  lower  tooth,  outer  Tiew.    L.  Greensand, 

Amuii  Bluff,  New  Zealand.    B.M.  (p.  2303  a.) 
„    19.  y,  primigenitUf  Agass. ;  anterior  upper  tooth,  inner  Tiew.     M.  Eocene, 

Hampshire.    B.M.  (p.  4707.) 
„    20.  y,  primweniui,  Agass. ;    anterior  upper  tooth,  outer  Tiew.     Miocene, 

Baltringen.    B.M.  (86633.) 
„    21.    y.  prmiffenita,  Agass. ;  anterior  upper  tooth,  outer  Tiew.     Bed  Crag, 

Woodbridge.    Beed  Collection,  York  Museum. 
„    22.    y,  primigmiutf  Agass.  ;  lower  tooth,  outer  Tiew.    M.  Eocene,  Barton 

CUff.    B.M.  (p.  1224.) 
„    23.  y,  ierratimmutf  Agass.  ;    tooth,  outer  Tiew.     London  Clay,  Sheppey. 

B.M.  (24618.) 
„    24.  y.  $errat%mmuSf  Agass. ;  young  tooth,  outer  Tiew.    London  Clay,  Sheppey. 

B.M.  (28890.) 
„    26.  y.  $etrati$Hmuty  Agass. ;  lower  tooth,  young,  inner  new.    London  Clay, 

Sheppey.     B.M.  (30560.) 
y,    26.  y,  $errati99imui,  Agass. ;  lower  tooth,  young,  inner  Tiew.     London  Clay, 

Highgate.    B.M.  (48183.) 

[B.M.  =  British  Museum.    All  the  figures  are  of  the  natural  lise.] 


IV. — Ok  the  Distbiot  op  the  Ancient  Glaciers  of  the  Isab 

AND   OF  THE    LiNTH. 
By  Prof.  Albert  Hum,  of  Zurich,  and  Prof.  Albbbcht  Pbncx,  of  Vienna.^ 

IN  order  to  interchange  onr  views,  and  arrive  at  a  common  nnder- 
standing  on  the  question  of  the  connection  of  glaciers  with  the 
formation  of  lakes,  we  undertook  a  joint  excursion  in  Upper  Bavaria, 
in  the  district  of  the  Ammer  Lake,  Wuerm  Lake,  Staffel  Lake,  and 
Eieg  Lake,  and  later,  in  the  month  of  September,  we  visited  together 
the  shores  of  the  Lake  of  Zurich,  partly  accompanied  by  Dr.  E.  L 
V.  Steenstrup,  of  Copenhagen,  Dr.  A.  Wettstein  and  Dr.  B,  Brueckner, 
of  Hamburg.  We  have  drawn  up  a  short  protocol,  both  on  the  facts 
observed  and  of  our  views  respecting  them,  which  we  here  propose 
to  communicate. 

^  Transbted  from  the  authors'  MSS.,  by  Dr.  G.  J.  Ilinde,  F.G.S. 
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I. — The  Division  of  tJie  Quaternary  Formation  in  the  District  of  the 
Highland  Lakes  of  Bavaria, 

Throughout  the  lake  district  of  Upper  Bavaria,  the  basement  bed 
k  everywhere  formed  by  the  "  Flinz"  (Upper  Miocene  Clay,  Marl, 
and  Clayey  Sandstone),  on  which  rest  the  Quaternary  beds,  which 
are  briefly  characterized  below. 

(a.)  A  layer  of  Conglomerate  (Nagelfluh)  from  20  to  30  metres  in 
thickness,  having  a  nearly  even  surface,  and  rising  with  remarkable 
uniformity  in  a  gentle  slope  towards  the  S.  and  S.W.  It  consists  of 
pebbles  of  limestone  and  dolomite,  and  contains  very  few  erratics  of 
Archaean  rocks.  The  material  is  fairly  evenly  rounded,  and  united 
by  a  calcareous  cement  Hollow  boulders  and  decayed  pebbles  are 
abundant  in  it. 

(6.)  A  deposit  of  gravel  which  may  readily  be  distinguished  from 
the  Conglomerate  (a)  or  **  Deckenschotter,"  by  the  greater  irregu- 
larity in  the  size  of  the  pebbles,  and  the  far  greater  abundance  of 
pebbles  of  Archaean  rocks.  It  is  seldom  cemented  into  a  conglomerate, 
it  contains  no  hollow  boulders,  but  there  are  in  it  rolled  fragments 
of  the  diluvial  Nagelfluh  mentioned  above  (a).  This  gravel  deposit 
is  the  Lower  **  Glacialschotter  "  of  Penck  (Die  Vergletscherung,  etc., 

?.  142).  It  is  also  of  great  uniformity  and  is  widely  distributed, 
ts  general  dip  from  south  towards  the  north  is  less  than  that  of  the 
diluvial  Nagelfluh  (a),  so  that  in  the  lake  district  to  the  south  it  is 
deposited  lower  on  the  slopes  of  the  valleys  (which  consist  of 
Miocene  Flinz)  than  the  Nagelfluh  (near  Weilheim  100  m.),  whilst 
towards  the  north,  near  Munich,  it  overlies  the  Nagelfluh. 

Here,  in  the  Isar  Valley  above  Orosshesselohe,  an  intermediate, 
independent  deposit  of  gravel  (intermediate  Schotter,  Penck,  Die 
Vergletscherung,  p.  290)  is  interposed  between  the  Nagelfluh  and 
the  Lower  Glacialschotter,  which  has  not  yet  been  noticed  in  the  lake 
district 

(c.)  An  irregular  covering  of  genuine  morainic  material,  swelling 
up  in  places  into  hilly  ridges,  extends  in  the  lake  district,  in  a  very 
discordant  manner,  as  well  over  the  elevations  occupied  by  the 
Nagelfluh,  as  over  the  Miocene  Flinz,  and  the  slopes  of  the  diluvial 
gravels  (6),  up  to  the  foot  of  the  hills.  Only  in  the  district  of  the 
outer  moraines  (near  Fiirstenfeld-Bruck,  eta),  are  the  diluvial 
gravels  (b)  and  the  slopes  of  Flinz  free  from  this  morainic  covering. 

The  moraines  show  nearly  the  same  admixture  of  pebbles  as  the 
gravels  (6).  They  contain  scratched  boulders,  together  with  angular 
fragments  of  the  same  kinds  of  rock.  All  these  scratched  and 
angular  fragments  are  usually  small,  they  very  seldom  reach  a 
diameter  of  half  a  m^tre,  generally  they  vary  from  the  size  of  a  nut 
to  that  of  one*s  fist  This  type  which  is  characteristic  of  the  ground- 
moraine  is  particularly  represented  also  by  the  longitudinal  ridges. 
Therefore  the  latter  may  be  recognized  as  the  ground-moraine  scooped 
out  at  the  margin  of  the  ancient  glacier. 

In  the  district  embraced  in  our  excursion,  no  moraines  are  present 
at  the  base  of  the  Nagelfluh  or  below  the  glacial  gravels  (6). 
Below  these  latter,  however,  beyond  the  excursion  district,  near 
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Toelz,  Laufen  on  tbe  Salzach,  and  at  Stefansbriicke  near  Innebniok, 
Penck  bas  discovered  moraines ;  but  at  tbe  base  of  tbe  Nagelflub, 
Tertiary  strata  exclusively  bave  been  met  witb. 

Wbere  we  met  witb  recently  exposed  surfaces,  sbowing  tbe  depo- 
sition of  tbe  moraine  on  tbe  diluvial  Nagelflub  (at  Tutzing,  Berg, 
Stamberg),  tbe  surface  of  tbis  latter  was  smootbed  and  polisbed  as 
distinctly  as  if  it  bad  been  a  bomogeneons  rock,  and  striated  in 
tbe  same  direction  as  tbe  course  of  tbe  valley.  Tbe  individual 
pebbles  in  tbe  Nagelflub  were  also  evenly  cut  tbrougb  in  section. 

Also  wben  tbe  contact  surface  of  tbe  moraine  and  tbe  glacial 
gravels  (h)  was  exposed,  tbere  was  nearly  always  a  sbarply-marked, 
often  discordant,  boundary  between  tbe  two  deposits,  witbout  dis- 
turbance in  tbe  underlying  gravel ;  and  occasionally  tbe  projecting 
boulders  in  tbe  gravel  were  striated  in  tbe  direction  of  tbe  valley, 
tbougb  no  connected  striated  surface  bad  been  formed  on  tbem. 

Nortb  of  tbe  Stamberg  Lake,  we  noticed  a  moraine  irregularly 
interpenetrated  witb  beds  of  gravel  and  sand ;  wbicb  we  recognize 
as  a  deposit  formed  near  tbe  terminal  end  of  a  glacier  (Penck,  Ver* 
gletscberung,  eta  p.  132,  figs.  4,  5). 

II. — The  Quaternary  Deposits  in  the  District  of  the  LaJse  of  Zurich. 

In  tbe  valley  of  tbe  Lake  of  Zuricb,  as  in  tbe  lake  district  of 
Upper  Bavaria,  Upper  Miocene  strata  form  tbe  foundation  on  wbicb 
tbe  Quaternary  deposits  rest,  and  tbese  latter  are  also  divided  into 
gravels  (Scbotter)  and  moraines. 

In  contrast,  bowever,  to  tbe  exceptional  regularity  witb  wbicb  tbe 
gravel  deposits  in  tbe  Bavarian  lake  district  succeed  eacb  otber  under 
tbe  moraines,  tbose  at  tbe  lower  end  of  tbe  Lake  of  Zuricb  sbow,  on 
tbe  one  band,  an  extremely  sligbt  connected  development,  and  on  tbe 
otber,  tbey  present  sucb  great  differences  in  regard  to  tbe  respective 
elevations  at  wbicb  tbey  are  deposited,  tbat  it  seems  almost  impossible 
definitely  to  mark  out  tbeir  limits,  or  to  parallel  tbe  deposits  of 
different  localities. 

(a.)  Tbere  is  indeed  found  occasionally,  on  certain  particular 
elevations  between  tbe  valleys,  a  deposit  of  Nagelflub,  resembling 
petrograpbically  tbe  Bavarian  diluvial  Nagelflub  (Uetliberg  870  m., 
Baden  470 — 490  m.,  Siblsprung  near  Hirzel  [outside  tbe  bounds 
of  our  united  excursion]  580 — 640  m.) ;  but  tbis  is  so  limited  in  its 
distribution,  and  tbe  places  in  wbicb  it  appears  are  so  far  apart, 
tbat,  witb  our  present  knowledge,  it  cannot  be  considered  as  tbe 
remains  of  a  general  covering.  Besides,  moraines  occur  under 
tbe  cavernous  Nagelflub  of  tbe  Uetliberg,  wbilst  tbey  bave  never  been 
met  witb  below  tbe  Bavarian  diluvial  Nagelflub,  and  on  tbe  otber 
band  moraines  do  not  any  longer  appear  above  tbis  Nagelflub  as  tbey 
do  in  tbat  of  Bavaria.  Tbe  cavernous  Nagelflub  of  Siblsprung  near 
Hirzel  rests,  according  to  Heim,  on  ground-moraines,  and  is  covered 
by  immense  upper  moraine  deposits. 

(&.)  A  somewbat  different  formation  of  loose  gravels  (Scbotter) 
and  Nagelflub,  eitber  witb  or  witbout  decayed  pebbles,  is  present, 
tbougb  in  very  few  localities,  on  tbe  slopes  of  tbe  valley  of  tbe  Lake 
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of  Zurich  (Waedensweil,  Utznaoh).  We  find  similar  gravels  and 
Nagelfluh  far  wider  distributed  at  the  north-east  border  of  the 
Glatt  Valley,  where  they  lie  between  the  ground-moraine  and  the 
upper-moraine.  Near  Diirnten  and  Wetzikon,  lignites  are  deposited 
between  the  gravel  and  the  ground-moraine.  These  deposits  of 
rolled  materials  also,  whioh  we  here  plaoe  under  (&),  are  isolated  to 
such  an  extent,  and  deposited  at  such  different  heights,  that  they 
cannot  be  regarded,  at  least  so  far  as  the  valley  of  the  Lake  of 
Zurich  is  concerned,  as  the  remains  of  an  extended  connected  valley 
deposit. 

(c)  The  Nagelfluh  of  the  Au  peninsula,  on  the  Lake  of  Zurich, 
is  distinguish^  by  its  "delta  structure"  from  the  above-men- 
tioned deposits  of  rolled  materials  in  the  neighbourhood  of  the 
Lake,  and  it  has  no  equivalent  in  our  Bavarian  excursion-district. 
It  calls  to  mind  the  ancient  Eander  delta,  on  the  Lake  of  l^un,  and 
according  to  Penck  (Vergletscherung,  eta,  p.  343),  the  Nagelfluh  of 
Biber  in  the  Inn  valley,  and  that  of  the  Monchsberg  of  Salzburg.  Its 
relation  to  the  moraines  is  not  exposed.  From  the  mode  of  its  oc- 
currence it  very  probably  belongs  to  the  base  of  the  upper  moraine. 

(d.)  Of  all  the  Quaternary  deposits,  the  moraines  of  the  Lake  of 
Zurich  play  the  most  important  part  There  is  an  astonishing  con- 
trast between  them  and  the  typical  Bavarian  moraines.  The  morainic 
hills  are  shown  by  the  prevalence  of  large,  angular,  erratic  blocks 
and  sand,  and  the  diminished  quantity  of  clayey  material,  to  belong 
mostly  to  the  upper-moraines;  such  are  altogether  absent  in  the 
Bavarian  lake  district  The  pure  ground-moraines  form  in  Switzer- 
land an  irregular,  but  not  very  thick  layer,  overlaid  by  the  upper- 
moraines,  or  by  the  gravelly  deposits  above  mentioned.  Only  the 
terminal  moraines,  and  not  the  longitudinal  moraines,  have  obtained 
a  great  part  of  their  materials  from  the  ground-moraines. 

III.— r^e  Belation  of  the  Upper  Bavarian  Lakee  (o  the  Quaternary 

Deposite. 

The  Ammer  Lake  and  Wuerm  Lake  occur  in  wide  valleys,  which 
form  deep  bay-shaped  indentations  in  the  southern  margin  of  the 
same  deposit  of  Nagelfluh.  In  the  valleys  especially,  which  have 
been  excavated  in  the  deposit  of  Nagelfluh,  and  also  in  the  surround- 
ing district  of  the  above-named  lakes,  the  gravels  (I.  h)  are  developed, 
and,  indeed,  they  can  be  seen  with  constant  characters,  in  the  lower 
part  of  both  lakes,  in  the  upper  part  of  Ammer  Lake,  and  on  the 
east  margin  of  Wuerm  Lake.  The  Lakes  of  Staffel  and  Bieg  are 
situated  to  the  south  of  the  Nagelfluh  district,  where  they  extend 
themselves  in  a  basin  in  the  ancient  Molaase,  which  is  partly  filled 
with  the  gravels  I.  h.  (Schotter).  They  are  bounded  above  and  below 
by  ridges  of  the  dislocated  Molasse,  whilst  between  both  only 
horizontal  beds  of  the  gravels  (I.  h)  are  raised  above  the  surface. 

The  moraines  form  a  surface  layer,  alike  on  the  tops  of  the  hills 
between  the  lakes,  as  on  their  slopes  down  to  the  margins  of  the 
lakes,  thus,  as  a  rule,  covering  discordantly  the  outcrops  of  Nagelfluh, 
Miocene  Flinz  and  gravel  (Lh) ;  so  that  these  various  deposits  are 
only  exposed  in  lateral  guUys  or  in  steep  cli£Eis. 
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Ammer  Lake  and  Wuerm  Lake  are  limited  above  and  below 
by  reoent  deposits.  Their  valley  basins  are  boanded  below  by 
moraine  walls,  which  the  outflow  from  the  lake  cuts  through, 
forming  extremely  narrow  valleys.  In  the  sections  laid  bare,  the 
gravel  (6)  is  shown  under  the  moraine,  and  in  the  Wuerm  Valley 
the  Flinz  is  also  exposed.  Lower  down  the  valley,  beyond  the 
moraine  walls  bounding  the  lake-basins,  the  gravel  (I.  h)  forms 
extended  terraces,  partly  interrupting  the  covering  of  the  Nagelfluh 
and  the  outer  moraine. 

IV. — The  Belation  of  the  Lake  of  Zartch  to  the  Q^latemary  Deposits. 

Wuerm  Lake  and  Ammer  Lake,  both  in  their  relation  to  the 
Quaternary  deposits,  and  also  to  the  Molasse  valley  to  which  they 
belong,  show  very  different  phenomena  to  those  of  the  Lake  of 
Zurich  and  of  the  other  large  lakes  of  the  Alpine  borderland  of 
Switzerland.  The  valleys  in  the  Molasse  in  these  latter  are  much 
deeper.  A  deposit  like  the  gravel  (Schotter)  (I.  b)  in  Bavaria,  which 
both  above  and  below  the  lakes  exhibits  the  same  uniform  slope,  is 
altogether  unknown  in  the  Lake  of  Zurich,  in  which  the  only  gravels 
found  are  those  mentioned  under  (II.  6).  On  the  declivities  of  the 
valley  of  the  Lake  of  Zurich,  the  Molasse  rock  is  itself  carved  into 
distinct  erosion  terraces,  independent  of  the  stratification,  and  these 
are  often  only  sparsely  covered  with  glacial  ddhris,  and  not  seldom 
altogether  bare,  whilst  a  similar  condition  of  things  is  not  observable 
on  the  borders  of  Wuerm  Lake  and  AnMier  Lake  on  account  of  the 
slight  elevation  of  the  outcrop  of  the  Flinz  and  of  the  valley  slopes, 
and  of  the  soft  character  of  the  material.  In  Switzerland,  for  the 
most  part,  the  valleys  below  the  lake  basins  remain  widely  open, 
and  show  more  especially  the  characters  of  main  lines  of  ancient 
valleys.  Hardly  anywhere  is  the  outlet  of  a  lake  through  a  narrow 
gully.  The  Molasse  in  the  district  of  the  Lake  of  Zurich  is  plainly 
not  horizontal,  but  it  forms  a  shallow  trough  between  the  Alps  and 
Jura :  the  depression  in  this  has  affected  the  ancient  erosion-terraces 
in  unequal  proportions. 

The  Quaternary  deposits  rest  on  the  dislocated  Molasse  terraces  of 
the  declivities  of  the  valley,  so  that  the  lateral  moraines,  with  their 
somewhat  steeper  inclinations  in  the  direction  of  the  valleys,  cut  the 
margins  of  the  Molasse  terraces  at  an  oblique  angle. 

On  the  other  hand,  Rieg  Lake  and  Staffel  Lake  in  some  measure 
call  to  mind  certain  of  the  smaller  lakes  of  the  Alpine  borderland, 
as,  for  example,  Greifen  Lake  and  Pfaeffikon  Lake  in  the  Olatt 
district 

V. — The  Question  of  the  Origin  of  the  Lake-Basins, 

In  our  excursion  in  Upper  Bavaria,  Heim  had  the  opportunity 
of  ascertaining  the  facts  respecting  this  district  published  by 
Penck  in  his  **  Vergletscherung  der  deutschen  Alpen."  *    On  the  other 

1  A  reriew  of  this  work  is  in  the  Gbolooioal  Maoazinb  for  1883,  Decade  II. 
Vol.  X.  p.  177. 
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hand,  Penck  was  able  to  oonfirm  the  facts  which  had  been  pub- 
lished by  A.  Wettstein  in  his  work,  **  Oeologie  von  Zurich  und 
Umgebung.'*  We  are  completely  agreed  respecting  the  facts  observed, 
and  differences  can  only  arise  on  the  conclusions  to  be  drawn  from 
the  facts.  The  great  differences  in  the  Quaternary  deposits  of 
Bavaria  and  of  Switzerland  deserve  special  prominence.  They 
teach  that  th&  greatest  prudence  is  necessary,  in  regard  to  generali- 
zations based  on  conclusions  drawn  from  a  limited  area. 

The  grounds  which  Penck  brings  forward  in  fatow  of  the  Glacial 
origin  of  the  Bavarian  highland  lakes  are : — (1)  the  coincidence  of 
the  position  of  the  lakes  with  the  glacial  deposits;  (2)  the 
characters  of  the  lake  valleys  are  such  as  are  produced  by  erosion  ; 
and  (3)  the  age  of  the  lakes. 

Their  character  as  products  of  erosion  is  made  clear  from  the 
fact  that  they  are  valley-shaped  gaps  in  a  continuous  uniform  series 
of  undisturbed  stratified  gravels,  whilst  their  diluvial  age  is  proved 
by  the  fact  that  these  stratified  gravels  end  with  the  deposit  of 
the  diluvial  Nagelfluh  (I.  a).  On  the  other  hand,  both  above  and 
below  the  lakes,  as  well  as  round  their  margins,  the  horizontally 
stratified  gravels  (Schotter)  (I.  5)  are  shown,  in  which  the  lake-basins 
appear  to  form  excavations.  As  these  gravels  (L  h)  are,  on  the  one 
hand,  covered  by  moraines,  and  on  the  other,  contain  a  notable 
number  of  pebbles  of  Archsdan  i*ocks,  which  could  only  have  been 
transported  by  glaciers  from  the  central  region  of  the  Alps  over  the 
passes  of  the  limestone  Alps,  they  must  therefore  have  been  formed 
immediately  before  the  advance  of  the  glacier  into  the  lake  district. 
As,  however,  the  lake-basins  are  excavated  in  these  gravels,  they  are 
necessarily  more  recent;  they  could  thus  not  have  yet  been  in 
existence  at  the  commencement  of  the  last  glaciation  of  this  district 
to  which  the  gravels  correspond.  On  the  other  hand,  the  deposition 
of  the  moraines  on  the  slopes  of  the  lake-basins  shows  that  these 
latter  were  formed  at  the  time  of  the  retreat  of  the  glacier.  Their 
origin  must  therefore  have  taken  place  at  the  time  of  the  glaciation 
itself. 

Of  these  three  grounds  brought  forward  by  Penck,  the  first  one  is 
established.  As  regards  the  second,  it  might  be  said  that  the  gaps 
in  the  south  margin  of  the  covering  of  Nagelfluh  might  have  been 
produced  in  it  originally;  that  glacial-tongues,  which  covered  the 
areas  of  the  lake-basins,  produced  the  Nagelfluh,  as  a  fluvio-glacial 
deposit,  whilst  they  protected  the  lake-basins  against  the  accumula- 
tion of  gravels.     Against  this,  is, 

(a.)  The  high  degree  of  uniformity  in  the  petrographical  characters 
and  the  stratigraphical  deposition  of  the  Nagelfluh  (I.  a). 

(yS.)  The  absence  of  any  morainic  material  below  the  Nagelfluh, 
as  also  the  non-existence  of  genuine  glacial  materials,  such  as  striated 
boulders,  etc.,  within  it 

A  further  possible  mode  of  formation  of  the  lakes  might  consist  in 
a  relatively  small  change  of  level  in  the  lake  district,  by  which  the 
original  slope  of  the  Nagelfluh  was  diminished,  whilst  the  valleys 
cut  in  it  became  reversed,  and  converted  into  lake-basins.    This  is 


Digitized  byVjOOQlC 


QlacierH  of  the  Isar  and  the  Linth.  265 

the  more  conceivable,  since  the  sontbem  part  of  the  covering  of 
Nagelfluh  has  a  somewhat  steeper  dip  than  tlie  more  northern  part ; 
this,  however,  may  readily  be  regarded  as  its  original  structure. 

A  positive  proof  of  such  changes  cannot  be  found  in  the  oldest 
deposits  of  the  district  of  the  Bavarian  highland  lakes,  which  thus 
contrast  with  those  of  the  Lake  of  Zurich,  because  connected  erosion- 
terraces  are  wanting,  and  more  especially  because  the  position  of  the 
strata  of  the  Miocene  Flinz  cannot  be  accurately  determined.  But 
though  the  possibility  of  such  an  origin  of  the  lakes  through  local 
changes  of  level  cannot  be  proved  to  be  inconceivable,  it  is  so, 
nevertheless,  if  it  leaves  the  coincidence  of  the  extension  of  the 
glacier  with  the  formation  of  the  lakes,  and  the  absence  of  lakes 
beyond  the  mcurgin  of  the  glacier,  to  be  explained  as  the  result  of 
pure  chance. 

As  regards  the  third  ground  for  the  glacial  origin  of  the  Bavarian 
highland  lakes,  the  age  of  the  lake-baeinsy  it  may  be  remarked  that 
the  gravels  (I.  b)  are  deposited  on  the  slopes  of  Nagelfluh  and  Flinz. 
As  iJhe  gravels  were  formed  before  the  advance  of  the  glacier,  the 
valley  which  they  cover,  as  well  as  the  gaps  in  the  covering  of 
Nagelfluh,  must  also  have  been  in  existence  before  the  glacier, 
as,  moreover,  Penck  has  already  noticed  (Vergletscherung,  p.  867). 
There  remains,  therefore,  no  further  solid  excavating  work  for  the 
glacier  to  perform,  but  merely  the  re-excavation  of  a  part  of  the  old 
valley  out  of  the  gravels  (I.  6),  leaving  behind  many  fragments 
of  the  same  on  the  slopes,  and  further,  the  scooping  out  of  the 
hollow,  120  m.  in  depth,  in  the  soft  Flinz.  It  may  be  noticed  that 
the  Flinz  is  a  marly-clay  which  falls  to  pieces  in  water,  and  although 
rock  in  appearance,  it  would  offer  less  resistance  to  the  course  of  the 
glacier,  than  even  loose  pebbles. 

Staffel  Lake  and  Rieg  Lake  lie  between  ridges  of  Molasse,  parallel 
to  the  Alps.  The  oblique  partition  separating  them  is  formed  of 
huge  masses  of  the  gravels  (1. 6),  which  can  hardly  have  been  origin- 
ally deposited  in  their  present  limits.  Heim  acknowledges,  in  view 
of  this,  that  a  re-excavation  of  a  part  of  the  gravels  in  the  same 
northerly  direction  in  which  the  Alpine  valleys  become  open,  is  by 
far  the  most  probable  mode  of  the  formation  of  these  lakes.  Heim 
also  accepts  a  similar  origin  for  the  now  extinct  lake  of  Mumau  and 
the  lake  EocheL  As,  however,  regarding  these  lakes,  it  is  only  a 
question  of  the  re-excavation  of  basins  of  dislocation,  in  which  the 
harder  ridges  of  Molasse  on  their  margins  and  the  islands  of  the 
same  have  not  been  destroyed,  we  are  both  entirely  of  the  same 
opinion  respecting  them. 

On  a  consideration  of  the  Bavarian  highland  lakes,  Heim  conceives 
the  re-excavation  of  valleys  filled  with  loose  gravels,  as  also  the 
scooping  out  of  depressions  in  very  yielding  materials,  and  thereby 
the  formation  of  lake-basins  through  glaciers,  possible,  as  heretofore 
(comp.  "  Gletscherkunde,"  p.  882  at  top,  and  p.  386),  and  in  the 
present  instances,  as  very  probable.  On  the  contrary,  proofs  of  the 
formation  of  extended  basins  in  hard  rock  and  of  the  excavation  of 
the  same  through  glaciers  cannot  be  found  in  this  district 
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Of  the  three  grounds,  which,  according  to  Penck,  support  the 
glacial  origin  of  the  Lakes  of  Ammer,  Wuerm,  Rieg,  and  Staffel,  only 
the  two  former  are  applicable  to  the  Lake  of  Zurich,  and  the  other 
large  lakes  of  the  Swiss  Alpine  borderland.  But  just  as  little  as  in 
the  first  case,  the  position  of  the  lakes  in  the  area  of  glacial  deposits, 
and,  in  the  second,  the  character  of  the  lake  valleys  as  produwd  by 
erosion,  can  be  disputed,  even  so  little  can  the  age  of  the  lakes  be 
brought  forward  as  a  proof  of  their  origin. 

Whilst  namely,  on  the  one  hand,  the  gravel  deposits  indicated  by 
II.  a  and  H.  b  are  only  thus  locally  and  sporadically  developed,  so  that 
no  conclusion  can  be  at  present  arrived  at  as  to  their  former  ocmnection, 
it  can  neither  be  proved  that  the  lake  valleys  are  depressions  in  a 
former  covering  of  diluvial  Nagelfluh,  nor  that  the  lake-basins  repre- 
sent hollows  in  a  gravel  formation  corresponding  to  I.  h.  There  is 
thus  nothing  to  add  to  our  information  respecting  their  Quaternary, 
i.e.  Glacial  age.  But,  on  the  other  hand,  the  Nagelfluh  of  the  Au 
represents  a  probably  very  ancient  deposit,  which,  by  its  delta  struc- 
ture, proves  the  existence  of  the  Lake  of  Zurich  already  previous  to 
the  commencement  of  the  last  glaciation,  so  that  the  lake  cannot  be 
attributed  to  its  action.  At  the  same  time,  the  position  of  the  rock- 
terraces  of  the  declivities  of  the  valley  afford  decisive  proof  of  dis- 
locations which  affected  the  lake  valley  and  produced  the  basin- 
shaped  depression  in  it.  Penck  holds  with  Heim  and  Wettstein  that 
there  is  undeniable  evidence  of  the  influence  of  dislocations  in  the 
formation  of  the  basin  of  the  Lake  of  Zurich,  but  he  is  never- 
theless of  the  opinion,  that  with  a  more  thorough  investigation  of 
the  Swiss  Quaternary  gravel  deposits,  it  may  perhaps  be  found  pos- 
sible to  discover  a  parallel  between  the  deposits  named  I.  h  and  II.  b  in 
the  two  areas  respectively,  and  he  holds  the  view  that  the  lake-basin 
originally  produced  by  dislocation  may  be  to  a  greater  or  lesser  degree 
excavated  by  glacier  action.  Heim  also  does  not  question  the  fact  of 
a  certain,  though  relatively  small,  amount  of  the  scooping  out  of  the 
lake-basin  being  due  to  the  glacier. 

Penck  holds  that  to  re-excavation  may  very  probably  be  attributed 
the  formation  of  the  lakes  of  the  Glatt  valley,  of  the  Greifen  Lake 
and  PfafiBkon  Lake,  in  the  same  way  as  in  the  case  of  Rieg  Lake  and 
Staffel  Lake,  whilst  Heim  is  disposed  rather  to  explain  the  origin  of 
these  two  lakes  of  the  district  of  the  Glatt  valley  to  the  blocking-up 
action  of  moraines. 

There  is,  therefore,  no  real  difference  of  opinion  between  us 
touching  the  Lake  of  Zurich  and  the  Lakes  of  the  Bavarian  high- 
lands, either  as  regards  the  facts  or  the  conclusions  from  them ;  and 
as  in  the  present  case,  so  also  does  it  often  happen,  that  by  a  more 
exact  conjoint  examination,  differences  become  of  much  less  import- 
ance than  they  appear  to  be  from  a  distance. 


Digitized  byVjOOQlC 


F.  W.  Rudler— Rocks  from  Arabia  Petrcea.  267 

Y. — ^NOTKS  ON  80MB  RoOKS  FROM  AbABIA  PrESA* 

By  F.  W.  RuDLBB,  F.G.8., 

of  the  Muflenm  of  Practical  Geology. 

PROFESSOR  HULL,  soon  after  his  return  from  Palestine,  was 
good  enough  to  place  in  my  hands,  for  miorosoopio  examination, 
a  collection  of  twenty  sections  of  rocks  prepared  from  specimens 
obtained  in  the  course  of  his  expedition.  Subsequently  I  had  the 
advantage  of  receiving  thirteen  small  specimens  of  the  rocks  from 
which  some  of  the  sections  had  been  cut ;  and  respecting  these  rocks 
some  lithological  notes  have  been  published  as  an  appendix  to  Prof. 
Hull's  Memoir.^  At  a  later  date  I  received  seven  other  rock- 
specimens,  representing  the  remaining  sections  in  my  charge ;  but 
for  want  of  time  these  were  laid  aside  unexamined  until  it  was  too 
late  to  refer  to  them  in  the  published  work.  The  object  of  the 
present  notes  is  therefore  to  oflfer  brief  descriptions  of  these  remain- 
ing rocks.  At  the  same  time  I  gladly  seize  this  opportunity  of 
correcting  some  errors  which  unfortunately  crept  into  the  previous 
descriptions. 

L  Pale  Pink  Oranite,  from  a  Dyke  Penetrating  Orey  Granite,  at  Jehel 

Watiyeh. 
A  fine-grained  granitic  rock,  consisting  mainly  of  opaque  white 
felspar  and  hyaline  grey  quartz,  speckled  with  a  few  dark  green 
patches  of  an  altered  mica.  It  presents  a  general  pinkish  grey 
colour,  due  to  a  small  quantity  of  ferric  oxide  disseminated  through 
the  rock,  and  specially  marked  on  the  weathered  joint-surfaces  of 
the  specimen.  The  felspar  is  for  the  most  part  very  turbid,  even  in 
thin  sections.  Many  of  the  crystals  exhibit  a  zonal  structure,  which 
is  well  defined  by  the  arrangement  of  the  included  granular  matter. 
Some  of  the  felspar  appears  to  be  orthoclase,  in  an  altered  condition, 
and  probably  miorocline  is  also  present ;  but  most  of  the  felspar  is 
a  plagioclsMe,  with  extinction  angles,  in  relation  to  the  line  of  twin- 
composition,  varying  from  3°  to  14°.  In  a  good  deal  of  the  felspar, 
however,  the  edges  of  the  hemitropic  lamellsd  are  too  blurred  to 
allow  the  exact  angles  to  be  taken.  Some  of  the  felspar  crystals 
measure  in  section  as  much  as  3  mm.  x  1'5  mm.  The  quartz  is 
xenomorphous,  occurring  in  the  form  of  clear  subangular  grains, 
ranging  from  0*5  to  1  mm.  in  diameter,  and  traversed  by  reticulating 
lines  of  pores.  Much  of  it  shows  a  poly  synthetic  structure  in 
polarized  light.  A  few  folia  of  muscovite,  or  other  white  mica 
with  straight  extinctions,  are  distributed  through  the  rock.  Tliis 
mineral  may  be  a  secondary  product  But  the  dominant  micaceous 
mineral  is  a  biotite,  or  dark  dichroic  mica,  occurring  in  aggregated 
laminsd,  and  mostly  altered,  after  the  habit  of  the  ferro-magnesian 
micas,  to  a  chloritic  mineral.  A  few  acicular  crystals  of  apatite  are 
present,  penetrating  alike  the  felspar  and  the  quartz.  Some  grains 
of  epidote  may  be  detected ;  and  magnetite  is  present  in  small  quantity, 
while  scattered  through  the  rock  are  small  patches  of  hematite  and 
limonite,  with  here  and  there  a  few  folia  of  chlorite. 

^  **  Memoir  on  the  Pbynoal  Geol^  and  Geoirrapb^r  of  Arabia  Petrtea,  Palestine, 
and  adjoining  Districti,    Palestine  Exploration  Committee  (1886). 
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II.  Bed  Oranitaid  Boek,  with  Mieropegmatitie  Strueturey  from  Jehel 

Watiyeh, 

This  rock  is  an  intimate  aggregate  of  flesb-red  felspar  and  quartz, 
with  grains  of  vitreous  quartz  and  crystals  of  felspar  scattered 
through  the  ground-mass.  It  may  be  regarded  as  a  fine-grained 
binary  granite,  almost  a  microgranite,  with  porphyritic  quartz  and 
felspar ;  thus  suggesting  a  transition  to  a  coarse  kind  of  quartz-felsite 
with  a  ground-mass  of  phanero-crystalline  texture.  The  felspar  is 
highly  charged  with  reddish-brown  granules,  perhaps  kaolin  with 
limonite,  which  by  their  comparative  opacity  render  the  section  very 
nebulous.  The  felspar  is  presumably  a  red  orthoclase,  and  is  asso- 
ciated with  large  crystalline  grains  of  clear  quartz  with  numerous 
pores.  In  places  the  felspar  and  quartz  of  the  ground-mass  are  so 
intimately  united  as  to  form  a  beautiful  micropegmatite  or  grano- 
phyre.  The  association  naturally  suggests  contemporaneous,  and 
probably  rapid,  solidification  of  the  two  minerals.  In  some  cases 
the  formation  of  the  micropegmatite  has  started  from  a  pre-existing 
crystal  of  felspar,  whence  the  interblended  felspar  and  quartz  diverge 
in  plumose  forms.  This  is  the  rock  referred  to  by  Prof.  A.  Geikie 
in  his  "  Text-book  of  Gkology,"  second  edition,  1886,  p.  636,  foot- 
note 3. 

The  rock  from  Jebel  Musa,  No.  1,  in  the  Appendix  to  the  Memoir, 
described  as  a  gneiss,  seems  rather  to  be  a  fine-grained  granitoid  rock. 
The  faint  tendency  to  foliation,  suggested  by  a  small  specimen,  is 
illusory.  The  rock,  though  diverging  greatly  from  the  normal 
granitic  type,  and  presenting  rather  a  granulitic  texture,  may  pro- 
bably be  best  described  as  a  hornblende-granite. 

III.  Bed  Porphyrite  from  Jebel  Miua* 

This  rock  presents  a  compact  base  of  deep  tile-red  colour,  with 
snbconchoidal  fracture,  in  which  are  disseminated  porphyritic  crystals 
of  red  felspar  and  irregular  dark  green  patches  of  an  altered  mineral, 
apparently  a  mica.  Some  of  the  large  felspars  reach  a  size  of  4  mm. 
X  1*6  mm.  Even  in  thin  section  they  present  a  strong  reddish 
colour,  which  is  deepest  around  the  inner  border  of  each  crystal,  where 
the  granules  of  ferric  oxide  are  accumulated.  Some  of  the  crystals 
seem  to  be  orthoclase,  but  others  show  indistinct  polysynthetic  twin- 
ning, with  broad  lamellation.  Zonal  structure  is  presented  by  some 
of  the  crystals.  The  other  porphyritic  constituents  are  green  crystals, 
measuring  about  1*26  mm.  x  I  mm.  These  seem  to  be  pseudomorphs 
after  biotite ;  at  least  such  an  origin  is  suggested  by  their  strongly- 
marked  strisd,  which  seem  to  represent  the  basal  cleavage  of  a  mica, 
by  the  occasional  curvature  of  the  laminsd,  and  by  the  hexagonal 
foim  of  some  of  the  sections.  This  green  epigenetic  mineral  is 
strongly  dichroic,  and  is  flecked  with  an  opaque  oxide  of  iron,  pro- 
bably magnetite.  The  slide  also  carries  some  irregular  patches  of 
chlorite.  Apatite  is  present  in  rather  stout  six-sided  prisms,  both  in 
the  felspars  and  in  the  altered  mica.  Epidote  occurs  in  aggregates 
of  greenish-yellow  grains,  inclosed  in  both  the  porphyritic  minerals. 
Quartz  may  be  detected  in  interstitial  spaces,  but  is  apparently  of 
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secondary  origin.  Probably  the  bistory  of  the  rook  has  been  some- 
what of  the  following  oharacter : — The  apatite,  the  biotite,  the  large 
felspars  and  the  ground-mass  suooessively  solidified  in  the  order  here 
enumerated ;  the  mica  was  afterwards  transformed  into  a  ohloritio 
mineral,  with  separation  of  magnetite,  while  further  alteration  of  the 
chlorite  resulted  in  the  formation  of  epidote,  which  may  also  have 
partly  resulted  from  the  decomposition  of  the  felspar,  inasmuch  as  it 
occurs  in  the  heart  of  some  of  the  larger  felspar  crystals. 

IV.  Felsiiic  Tuff  from  Es  Shomrah. 

This  rock  appears  maoroscopioally  to  be  a  porphyritic  felsite,  with 
compact  chocolate-coloured  base  and  disseminated  crystals  of  white 
felspar.  Under  the  microscope,  however,  it  is  seen  to  contain 
angular  fragments  of  various  rocks,  with  broken  crystals  of  plagio- 
clase,  forming  a  brecciated  mass.     Mr.  F.  Butley,  F.G.S.,  to  whom 

1  am  indebted  for  having  examined  some  of  my  sections,  points  out 
the  general  similarity  of  the  ground-mass  to  that  of  the  rhyolitio 
rock  from  Pont-y-Gromlech,  which  he  described  some  years  ago; 
but  at  the  same  time  inclines  to  the  view  that  in  the  present  case 
the  ground-mass  consists  of  fine  dust,  in  great  part  felspathic, 
perhaps  associated  with  shreds  of  devitrified  lava.  Among  the  im- 
bedded fragments,  which  vary  in  diameter  from  about  0*03  mm.  to 

2  mm.,  are  rhy elites,  or  devitrified  rocks  showing  banded  and 
fluxion  structure.  Some  of  the  fragments  and  imperfect  crystals  of 
felspar  reach  a  size  of  2*25  X  I '3  mm.,  and  though  mealy  in  texture, 
show  traces  of  repeated  twinning. 

V.  Homhlende-augite  Bock  from  Es  Safeh. 

A  coarsely  crystalline,  almost  black  rock,  weathering  with  a  rusty 
surface.  Thin  sections  show  large  porphyritic  crystals  of  brownish- 
green  hornblende,  colourless  augite,  and  decomposed  felspar,  im-* 
bedded  in  a  pale  brownish  ground-mass  of  felspathic  microlites, 
with  green  pn>duct8  of  decomposition.  Some  of  the  crystals  of  horn- 
blende-measure, in  section,  as  much  as  3  mm.  x  1*2  mm.  Most  of 
them  are  much  fissured  and  carious,  inclosing  green  alteration- 
products,  and  having  rather  indistinct  outlines,  bordered  by  dark 
greenish  granules.  The  best-defined  sections  are  those  cut  approxi- 
mately normal  to  the  perpendicular  axis.  These  show  the  common 
six-sided  forms,  bounded  by  the  edges  of  UIO}  {010},  with  inter- 
secting lines  of  prismatic  cleavage  breaking  up  the  section  into 
characteristic  rhombs.  Elongated  sections  parallel  to  the  vertical 
axis  give  longitudinal  cleavage  lines,  and  the  extinction-angles  in 
relation  to  these  lines  vary  from  0^  in  some  of  the  sections  which 
are  cut  parallel  to  {100},  to  a  maximum  of  about  15^  The  pleo- 
chroism  is  not  very  marked :  a  « pale  yellowish  brown,  h  «  pale 
bottle  green,  t  ^  olive  green.    Much  of  the  hornblende  is  twinned. 

The  augite  appears  in  very  sharply-defined  crystals,  which  in  thin 
sections  are  quite  clear  and  colourless.  Most  of  the  sections  are 
eight-sided,  being  limited  by  edges  of  {110}  {100}  {010}.  Some 
of  these  measure  nearly  1  mm,  in  the  edge.    The  prismatic  planes 
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dominate  in  some  of  the  sections,  and  the  pinaooids  in  others.  The 
oharacteristic  cleavage  parallel  to  {110}  is  well  displayed.  Some 
sections  of  rhombic  shape,  cat  approximately  in  the  plane  of  sym- 
metry (010),  give  extinction  angles  of  nearly  40°. 

Two  sets  of  felspars  may  be  noted.  Those  of  the  first  consolida- 
tion occur  in  groups  of  large  crystals,  some  of  which  give  sections 
reaching  a  size  of  2  mm.  x  0*6  mm.,  three  or  four  such  crystals 
forming  a  cluster.  All  the  felspar  is  profoundly  altered.  By  reflected 
light  it  presents  a  dead  white  colour,  but  by  transmitted  light  a  red- 
dish tint  Notwithstanding  its  advanced  state  of  decomposition,  the 
repeated  twinning  of  a  plagioclase  may  be  detected,  and  the  wide 
extinction  angles  of  the  broad  lamellsd  suggest  a  felspar  of  high 
basicity.  The  small  felspars  of  later  consolidation  occur  in  crowds 
of  slender  interlacing  crystals,  with  irregularly-terminated  lath- 
shaped  sections,  measuring  on  an  average  0*16  x  0-04  mm.  The 
meshes  of  this  reticulating  mass  of  microlites  are  occupied  by  a 
green  decomposition  product,  of  fibrous  and  tufted  structure,  with 
strong  depolarizing  action  between  crossed  Niools.  There  are  also 
large  irregular  patches  of  a  green  mineral,  chloritic  or  serpen tinous, 
following  irregular  cracks  in  the  rock,  and  associated  with  calciteand 
epidote.  The  calcite  also  forms  large  crystalline  masses  and  ill- 
defined  patches,  with  aggregate  polarization.  Olivine  appears  to  be 
represented  by  crystals  which  have  suffered  much  alteration,  and  are 
mostly  converted  into  green  pseudomorphs  with  a  brown  margin. 
Magnetite  is  disseminated  through  the  rock,  and  red  and  brown 
oxides  of  iron  occur  in  patches. 

It  does  not  appear  easy  to  bestow  upon  this  rock  an  appropriate 
name.  It  is  very  similar  to  the  rock  No.  13,  from  Jebel  esh  shomreh, 
described  in  the  Appendix  to  the  Memoir  as  a  homblende-augite 
andesite,  but  I  am  anxious  to  withdraw  that  name,  as  the  rock  is 
decidedly  basic.  Notwithstanding  the  large  proportion  of  horn- 
blende, the  afSnities  of  the  rock  appear  to  lie  rather  with  the 
dolerites  and  diabases.  Its  structure  is  in  no  way  related  to  that  of 
the  diorites.  With  a  little  more  olivine  and  a  little  less  felspar  it 
might  perhaps  claim  a  place  among  the  homblende-picrites,  which 
have  been  so  well  described  by  Professor  Bonney,  D.So.,  F.R.S. 

YI.  DoleriUfrom  OehcU  et  Shomrah. 

A  dark-brown,  nearly  black,  rather  fine-grained  rock,  with  large 
porphyritic  crystals  of  greyish  felspar  with  greasy  lustre.  The 
gix>und-mass,  viewed  in  the  microscope,  consists  mainly  of  a  confused 
network  of  felspars,  yielding  lath-shaped  sections,  mostly  binary 
twins,  with  an  average  size  of  0*03  mm.  x  0*007  mm.  The  augite 
occurs  in  crystalline  grains  and  small  crystalline  masses,  of  brown 
colour,  occupying  the  spaces  between  the  felspars,  and  evidently  of 
later  consolidation.  Indeed,  the  penetration  of  the  augite  by  the 
felspar  gives  rise  to  an  indistinct  ophitic  structure.  Olivine  is 
present,  partly  serpentinized,  in  the  form  of  amber-coloured  grains, 
with  here  and  there  a  small  crystal.  One  well-marked  crystal,  of 
irregular  six-sided  shape,  measured  0*8x0*3  mm.;   like  the  other 
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olivines  in  the  section  it  contains  magnetite  along  its  cleavage  cracks 
and  carved  fissures.  Magnetite  is  freely  disseminated  throughout 
the  rock.  With  a  high  power  crowds  of  colourless  acicular  microlites, 
perhaps  apatite,  come  into  view.  A  little  calcite,  showing  aggregate 
polarization,  is  present  as  a  secondary  product.  No  distinct  inter- 
stitial matter  can  be  detected,  and  indeed  the  rock  appears  to  be 
a  holocrystalline  dolerite.  A  porphyritic  structure  is  imparted  to 
the  rock  by  large  crystals  of  felspar,  the  rectangular  sections  of  which 
may  measure  as  much  as  8  mm.  x  2  mm.  This  felspar  shows 
sharply-defined  twin  lamellation,  and  in  some  sections  there  are  two 
sets  of  lamellsd  approximately  at  right  angles  to  each  other,  thus 
suggesting  that  the  plagioclase  is  twinned  on  both  the  peridine  and 
albite  types.  From  its  high  extinction-angles,  reaching  40^,  it  is 
probably  a  basic  felspar  near  to  anorthite. 

Vn.  Dolerite  from  Wady  es  Shieh 

A  medium-grained,  dark-brown  rock,  much  altered,  and  weather- 
ing with  a  yellow  rusty  surface.  It  presents  in  thin  section  a  dense 
network  of  plagioclase  in  rather  thick  rectangular  sections,  with  an 
average  size  of  1  x  0*25  mm.  They  inclose  dark  greenish-brown 
granular  matter,  so  disposed  in  some  cases  as  to  give  a  zonal  appear- 
ance to  the  sections.  Augite  occurs  in  crystalline  grains  and  granu- 
lar aggregates.  The  space  between  the  felspars  is  largely  occupied 
by  serpentinous  matter,  and  much  of  the  substance  which  at  first 
sight  looks  like  interstitial  matter  is  probably  a  product  of  alteration. 
Magnetite  is  abundant,  and  scales  of  red  oxide  of  iron  are  scattered 
through  the  rock.  Crowds  of  minute  acicular  miorolites  become 
visible  with  a  high  power. 

A  re-examination  of  the  diabase.  No.  12  in  the  Appendix,  shows 
that  all  the  quartz  is  of  secondary  origin,  and  hence  the  rock  is 
simply  a  diabase  with  quartz,  and  not  a  quartz-diabase.  With 
reference  to  the  felsite.  No.  10,  it  should  have  been  stated  that  the 
description  applied  only  to  the  particular  thin  section  under  ex- 
amination. 

I  am  greatly  indebted  to  Mr.  J.  J.  H.  Teall,  M.A.,  P.G.S.,  and  to 
Mr.  T.  Davies,  F.G.S.,  for  having  examined  with  me  some  of  the 
sections  described  in  these  notes. 


YI.^On  the  Micbozoa  found  in  some  Jubassio  Books  of 

England. 
By  ProfetBorT.  Bupbrt  Johbb,  F.R.S.,  and  C.  D.  SHBRBOBiTy  Esq. 

IN  the  Geological  Magazine,  Dec.  11.  Vol.  II.  1875,  p.  808,  is 
a  list  of  some  English  Jurassic  Foraminifera,  a  large  number 
of  species  being  there  noted  as  oocurring  in  these  rocks.  We  have 
lately  received,  by  the  friendly  courtesy  of  the  Bev.  H.  H.  Winwood, 
F.G.S.,  and  Horace  B.  Woodward,  Esq.,  F.G.S.,  thirteen  specimens 
of  the  Jurassic  rocks  from  the  south-west  of  England.  One  of  these 
has  yielded  a  most  important  series  of  Ostracoda.  Whilst  preparing 
a  special  monograph,  we  hasten  to  offer  some  preliminary  notes  on 
these  interesting  Jurassic  Microzoa,  at  present  merely  noting  the 
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genera,  in  deaoending  order  of  strata,  and  deferring  tbd  specifio 
nomendatare  for  a  subsequent  opportunity. 

1.  **  Kimmeridge  Clay,  near  Coulston,  Wilts.*'   H.  B.  W, 

A  mottled  (blue  and  yellow-brown)  clay,  very  stiff  and  greasy  to 
the  touch.  Besiduum,  after  washing,  a  very  little,  fine,  subangular 
sand,  with  minute  woody  fibres.  Miorozoa  rare  and  very  small,  of 
a  brown  colour  and  with  a  sandy  appearance.  The  Foraminifera  are 
Troehammina  incerta  ;  T.,  sp.  near  oligogyra^  Hantken  ;  and  another 
near  gordicdis  ;  Margintdina  »  Crislellaria  Zitteli,  Sch wager ;  Cris- 
tellaria  sp. ;  Nonionina,  sp. ;  OrbuUna  neojurensiSf  Karrer ;  and  a 
three-chambered  Qlobigerina.  These  minute  fossils  are  beautifully 
preserved.     No  Ostracoda  were  found. 

2.  "  Clay  at  the  base  of  the  Lower  Greensand  and  on  the  top  of  the 
Corallian  ;    Seend,  Wilts.     Most  likely  Kimmeridge  Clay."  H.B.W. 

A  pale-grey  clay  (when  dry). 

lliis  specimen  was  washed  completely  away,  leaving  neither 
Microzoa  nor  sand. 

8.  "Clay  above  Iron-ore  deposit;  Westbnry  Ironworks,  8.  of 
Station.    ?  Kimmeridge  Clay."     Bev.  H.  H.  W. 

A  stiff,  mottled,  blue  day,  with  numerous  very  small,  rounded, 
shining,  black  concretions. 

lliis  left  a  very  small,  but  rich,  residuum  of  Foraminifera,  having 
a  very  characteristic  Jurassic  fades.  Amongst  the  forms  are  lAnguJina 
carinaia,  var.  (this  is  an  oval  Nodosarina^  and,  although  the  mouth 
appears  to  be  a  circlt  of  radiating  fissures,  we  think  it  should  be 
regarded  as  more  Linguline  than  Nodosarine  in  character) ;  Nodonaria^ 
sp.  near  nitidtda  (Gtlmbel,  *Streitberger  Schwammlager');  DerUalina 
communis;  Plantdaria  reticulata;  P.  pavperata,  narrow,  broad,  and 
thin  varieties;  Faginufina  cristellarioides ;  V,  orthanota;  V.  angus' 
tissima;  V.  harpa,  and  two  others  (the  first  four  are  figured  by 
BeusB  in  his  '  Norddeutschen  Hils  und  Gault ')  ;  CristeUaria  rotulata 
with  three  varieties  leading  into  the  next  '<  species/'  CristeUaria 
crepidula  ;  and  Haplophragmium  Canariense. 

These  forms  are  well  preserved.     No  Ostracoda  were  found. 

4.  "  YeUow  Fullers-earth  Clay ;  Midford."  Bev.  H.  H.  W.  and 
H,  B.  W. 

This  and  the  following  clay  are  described  by  Horace  B.  Woodward 
in  his  "Geology  of  England  and  Wales"  (p.  182)  as  "a  sandy  clay, 
which  is  described  by  Mr.  Bristow  as  usually  of  a  greenish-brown 
or  greenish-grey  colour,  sometimes  blue.  It  is  opaque,  soft,  dull, 
with  a  greasy  feel,  and  an  earthy  fracture."  The  specimens  sent 
were  of  a  yellow-brown  colour. 

From  the  specimen  of  yellow  day  we  obtained  only  two  species 
of  Foraminifera,  CristeUaria  crepidula  and  Vaginulina  legumen^  var. 

It  is  richer,  however,  in  Entomostraca,  five  species  of  Cythere; 
two  of  Cytherideis;  three  of  CythereUa;  and  one  of  Bairdia,  re« 
warding  our  search. 

6.  "  Blue  Fullers-Earth ;  Midford."    Bev.  H.  H.  W.  and  H.  B.  W. 

An  indigo-blue  clay,  drying  bluish  grey,  extremely  rich  in  Micro- 
zoa, especially   Ostracoda.     It  is  rather  singular  that  this  most 
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remarkable  deposit  of  Entomostraoa  has  not  been  noticed  before. 
We  have  mounted  and  arranged  upwards  of  three  hundred  individuals 
of  more  than  fifty  species  alroady,  and  look  for  a  much  larger  number 
before  we  close  our  work.  The  majority  of  the  species  were 
obtained  from  little  more  than  one  pound  weight  of  material. 
Foraminifera  are  much  scarcer,  but  there  is  the  same  proportionate 
abundance  between  the  two  groups  as  in  the  yellow-brown  clay 
above  described.  A  few  fragments  of  shells  also  occurred,  but  too 
imperfect  for  identification  ;  also  ossicles  of  Pentaorinus,  and  a  few 
broken  minute  spines  of  Echinoderms. 

The  Foraminifera  include  a  subcarinate  variety  of  Cristellaria 
rottdata,  near  to  one  figured  by  Jones  and  Parker  (Q.J.G.S.  vol.  xvi. 
1860,  pi.  XX.  f.  43);  Cristellaria  crepidula;  Vagintdina  legumen; 
Plantdariaf  sp.  near  retieulala,  Gomuel ;  Nodosaria  lineolata,  Heuss, 
and  Frondictdaria  peregrina,  Heuss  ('  Bohm.  Kreide ') ;  and  a  simple 
four-rayed  star,  like  the  "  Siderolina-like  forms  "  figured  by  Giimbel 
from  the  **  Streitberger  Schwammlager "  in  *'Jahresh.  Ver.  nat 
Wurtt.  1862,  Jahrg.  18,  p.  235,  pi.  iv.  f.  19.  This  little  specimen 
has  been  shown  to  Dr.  Hinde,  who  thinks  that,  although  calcareous, 
it  is  most  likely  a  modified  dermal  spicule  of  a  hexactinellid  Sponge. 

The  Entomostraoa  represent,  provisionally,  thirty-four  species  of 
Cyihere ;  three  of  Cytherideis ;  three  of  Cytheridea ;  five  of  Oytherella ; 
six  of  Bairdia,  also  Oytherura,  Ponioeypris,  Macrocypris,  and  possibly 
Aglaia  and  ArgilUecia. 

The  examination  of  these  forms  is  affording  us  very  great  pleasure, 
being,  though  exceedingly  small,  very  finely  preserved  and  perfects 
It  is  interesting  to  note,  that  we  identify  some  ten  of  them  as  oc- 
curring amongst  those  figured  from  the  Eichmond  Well  in  Q.  J.G.S. 
vol.  xl.  pi.  xxxiv. 

6.  "Loamy  beds  in  Hinton  Sand,  Forest-marble;  Charterhouse- 
Hinton,  Somerset"     H.B.W. 

A  light-brown  loam  with  small  ''  clay  galls."  This  leaves  after 
washing  a  residuum  of  fine,  subangular,  quartzose  sand.  After 
careful  search  we  found  some  extremely  small  Foraminifera  and  one 
Ostracod  : — Cristellaria  crepidula ;  Margintdina  glabra ;  and  a  valve 
of  Cythere. 

7.  "  Bradford  Clay ;  Bradford.  This  is  the  clean  day  immediately 
overlying  the  fossil-bed."     H.B.W. 

A  light-brown  clay,  which,  on  washing,  left  a  few  waterwom 
Entomostraoa  and  two  much  waterworn  Foraminifera.  The  latter 
are  Cristellaria  crepidula  and  Vagintdina  legumen;  and  the  former 
are  three  varieties  of  Cythere, 

8.  »  Bradford,  No.  1.   Near  Canal.   Locus  dassicus:*  Rev.  H.H.W. 
No  Microzoa  found  on  examination. 

9.  Bradford,  No.  2.  Near  Bradford.  Little  higher  in  position 
than  No.  1."     Rev.  H.H.W.        No  Microzoa. 

10.  "Oxfordian;  Upper  Studley,  Trowbridge.  Probably  Eella- 
ways  Rock."     H.B.W. 

l>ark  greenish-brown,  friable  sandstone  of  subangular  quartzose 
sand,  with  calcareous  cement    No  Microzoa  found. 
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11.  "Oxford  Clay;  Bromham  Brickyard.  South  of  Sandridge 
Hills,  between  Melksham  and  Devizes."     H.B.W. 

A  few  fragments  of  shells,  but  no  Microzoa,  were  found. 

12.  "Oxford  Clay;  Upper  Studley,  Trowbridge."     H.B.W. 
Very  pale,  yellowish-grey,  sandy  clay,  yielding  after  washing, 

about  50  per  cent,  of  extremely  fine,  white,  subfoigular,  quartzose 
sand.    No  Miorozoa. 

13.  "  Oxford  Clay ;  Southwick,  Trowbridge."    H.B.W. 

Like  No.  12,  leaving,  after  washing,  the  same  remarkably  fine, 
white  sand,  and  presenting  no  trace  of  Microzoa. 

Note. — Beside  the  Jurassic  specimens  we  have  one  from  the 
Cretaceous  series  of  the  same  district,  namely : — "  Clay  seam  in 
Lower  Greensand ;  Seend."    H.B.W. 

A  ferruginous  sandy  day ;  bound  together  in  places  by  the  iron 
and  forming  '<  pan." 

By  washing,  this  specimen  yielded  abundance  of  subangular 
sand,  with  a  little  mica. 

No  Microzoa  were  met  with. 


ITOTIOHS      OIF      ^^E3^0II^S. 


L — M.    DOLLO    ON    THE  EVOLUTION  OF  TH«  TiBTH  OF  HebBIVOROUS 

DiNOSAUBIA. 

ALL  palaeontologists  who  are  interested  in  the  marvellous  reptilian 
life  of  the  Secondary  epoch  owe  a  debt  of  gratitude  to  M. 
.Dollo  of  the  Royal  Museum  of  Brussels  for  the  ability  and  care  with 
which  he  has  elucidated  the  structure  and  affinity  of  the  un- 
rivalled collection  of  Dinosaurian  and  other  reptilian  remains  pre- 
served in  that  Museum.      One  of   the  most    interesting  of    his 
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Diagram  A.— Fig.  1.  Tooth  of  Merotaunu.    Fig.  2.  of  8e$lido8aurui, 
FiQ.  3.  of  Madrqtuurui, 
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contributions  *  to  our  knowledge  of  the  Dinosauria  shows  how  the 
teeth  of  the  herbivorous  members  of  that  order  have  gradually 
increased  in  complexity  of  structure,  and  as  the  author  has  kindly 
allowed  the  use  of  some  of  the  woodcuts  illustrating  his  memoir, 
we  have  great  pleasure  in  laying  before  our  readers  a  sketch  of  this 
line  of  evolution. 

In  the  generalized  suborder  Sauropoda,  which  is  mainly  Jurassic 
and  died  out  after  the  Wealden,  we  find  that  the  teeth,  as  in  Morosaurun 
(Diagram  A,  Fig.  1),  are  perfectly  simple,  having  neither  serrated 
edges,  nor  carrying  ridges  on  their  lateral  surfaces.  In  the  generalized 
Jurassic  Stegosauria  the  teeth  still  retain  the  same  simple  structure, 
but  in  the  more  specialised  members  of  this  suborder  (e.g.  Seelido- 
»auru8.  Diagram  A,  Fig.  2),  which  occur  in  both  the  Jurassic  and 
Cretaceous,  they  have  developed  serrations  on  the  edges,  although 
not  distinct  lateral  ridges.  The  next  step  is  presented  by  certain 
members  of  the  Ornithopoda,  as  Hadrosaurua  (Diagram  A,  Fig.  3), 
where  a  distinct  vertical  ridge  is  developed  in  addition  to  the 
serrated  edges.  Advancing  to  the  more  specialised  Ornithopoda-like 
Iguanodon  (Diagram  B),  we  find  that  secondary  lateral  ridges  are 


X. 


Fi^J  f\^.  3  Fig.  2 

Diagram  B. — Fiq.  1.  Tooth  of  Iguanodon  Prestmehi ;  from  the  enamelled  surface. 
Fio.  2  in  profile.  Fio.  3  section  from  x  \o  y^  \,  a  shows  the  principal 
lateral  ridge  without  serrations. 

developed ;  and  we  may  further  observe  that  wbile  in  the  Jurassic 
I.  Prestwichi  both  primary  and  secondary  ridges  are  simple,  in  the 
Wealden  J.  ManteUi  the  former  has  become  serrated.     The  last  step 

i  Ann.  Soc.  Sd.  Brazelles,  1885,  pp.  309-338. 
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bnt  one  is  ajSbrded  by  the  remarkable  teeth  from  the  Upper  Cretaoeoas 
(Senonien)  described  by  M.  Dollo  under  the  name  of  Oraspedodon 
lomeensis  (Diagram  C),  in  which,   in  addition  to  antero-posterior 


TigS 


'9« 


Diagram  C. — Tooth  of  Oratptdodm  lonzeemit.  Fio.  1  from  the  enamelled 
surface,  f ;  e  crown,  d  f  cingulum,  the  letters  a  b  t  g  hk  I  indicate  the 
serrations  and  ridges.  Fig.  2  in  profile,  f .  Fig.  3  the  large  and  small 
serrations  more  magnified.    Fio.  4  section  at  m  p,  f . 

serrations,  there  are  primary,  secondary,  and  tertiary  lateral  ridges, 
of  which  both  primary  and  secondary  are  serrated.  Finally  the 
American  Cionoaon  simulates  the  dentition  of  Ungulate  Mammals  in 
having  numerous  cheek-teeth  in  use  at  one  and  the  same  time. 

M.  Dollo  concludes  this  interesting  survey  by  observing  that  "  it 
appears  that  while  the  specialization  of  the  dentition  in  the  Ungulata 
has  taken  place  either  by  the  development  of  infoldings  in  the 
enamel  (Eqwdce),  or  by  the  multiplication  of  tubercles  (Suida),  accom- 
panied by  gradual  elevation  of  the  crown,  it  has  manifested  itself  in 
the  herbivorous  Dinosauria  by  the  development  of  ridges  and 
serrations,  or  by  the  simultaneous  use  of  numerous  teeth.  While, 
however,  the  cause  of  the  evolution  of  the  dentition  of  the  Ungulata 
is,  so  to  speak,  known  to  us,  we  can  only  guess  at  that  of  the  dentary 
system  of  the  great  Eeptiles  which  filled  their  place  during  the 
Secondaiy  epoch."  R.  Ltdekkxb. 
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IL— Emmons'  Original  Taoonio  Sebiks. 

1.  On  Lower  Silubian  Fossils  from  a  Limestone  of  the  Original 
Taoonio  of  Emmons.    By  J.  D.  Dana. 

2.  Preliminart   Report   of   S.   W.    Ford   and   W.  B.   Dwight 

upon  Fossils  obtained  in  1885  from  Metamorphio  Limestones 
of  the  Taoonio  Series  of  Emmons,  at  Canaan,  New  York. 
Amerioan  Joamal  of  Science,  vol.  xxzi.  p.  241 — 253,  pi.  yii. 
April,  1886. 

PROFESSOR  DANA  points  oat  that  the  original  and  therefore 
true  Taoonio  system  of  Prof.  Emmons,  which  this  geologist 
propounded  and  described  in  1842,  "lies  along  both  sides  of  the 
Taoonio  range  of  monntains,  whose  direction  is  nearly  north  and 
south,  or,  for  a  great  distanoe,  parallel  with  the  boundary-line  between 
the  State  of  New  York  and  those  of  Connecticut,  Massachusetts,  and 
Vermont."  Emmons  described  it  as  consisting  of  (1)  ''Taoonio 
slates  "  in  eastern  New  York,  induding  the  Hoosie  slates ;  (2)  the 
Sparry  or  western  limestone,  interstratified  with  the  slates,  west  of 
the  Taoonio  range,  and  for  the  most  part  lying  against  the  west  side 
of  the  range ;  (3)  the  ''  talcose  "  or  **  magnesian  "  schist,  constitut- 
ing the  Taoonio  range,  and  Qreylock  or  Saddle  Mountain,  the  high 
ridge  between  Williamstown  and  Adams  in  the  north-western  angle 
of  Massachusetts ;  (4)  the  Stockbridge  Limestone,  east  of  the  range 
of  Taoonio  schist;  (5)  Quartzite.  Prof.  Emmons  concluded,  on 
lithological  grounds,  that  the  system  was  older  than  the  New  York 
Potsdam  Sandstone,  and  equivalent  to  the  Lower  Cambrian  of  Sedg- 
wick. Subsequently,  in  Washington  County,  New  York,  outside  the 
typical  area  of  the  Taconic  system,  Emmons  discovered,  in  black 
slates,  some  Trilobites,  pronounced  by  Barrande  to  be  Primordial 
species.  These  black  shales  were  regarded  as  more  recent  than  the 
typical  rocks,  in  which  no  fossils  whatever  had  been  discovered,  and 
Emmons  called  them  therefore  Newer  or  Upper  Taconic. 

But  now  recently  fossils  have  been  discovered  in  the  Sparry  or 
Western  Limestone,  the  oldest  limestone  of  Emmons'  original 
Taconic,  and  in  a  locality  in  the  typical  area  of  the  system.  The 
fossils  are  very  fragmentary,  and  can  only  be  examined  by  means  of 
thin  sections  and  polished  surfaces  of  the  rock.  They  show,  how- 
ever, the  presenoe  of  distinct  species  of  Murchi$onia,  Pleurotomaria, 
and  Fenesiella,  as  well  as  portions  of  Crinoids,  probably  of  Brachio- 
pods,  and  of  a  Trilobite.  Prof.  Dwight  and  Mr.  Ford,  who  have 
studied  the  fossils,  believe  that  they  indicate  the  Trenton  age  of  the 
limestone  in  which  they  are  preserved. 

It  follows  from  this  discovery  that  the  age  of  the  typical  Taconic 
system  of  Emmons  is  not  Cambrian  or  Pre-Cambrian,  as  stated  by 
him,  and  that  the  black  shales  and  limestones  with  Primordial  Trilo- 
bites, forming  his  Newer  or  Upper  Taconic  system,  really  belong  to 
a  period  much  older  than  the  so-called  Lower  Taoonia     G.  J.  H. 
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Repobt  on  the  Geological  Chaeacter  of  Babos&a  akd  Para 
Werra,  South  Australia. 
Notes,  etc.,  Explanatory  of  Parliamentary  Paper  No.  178,  inrn  a 
Gfx>logical  Map  of    Piba  Wirra  and  Babossa  Kbsebtbs.I    By 
Henby  Y.  Lyell  Bbown,  E.G.S.,  Government  Geologist,  assisted 
by  Habby  Page  Woodwabd,  F.G.S.    Folio.     (Adelaide,  1886.) 

The  BaroBBa  and  Para  Wtrra  Goldfields, 

The  Barossa  goldfield  is  situated  in  the  south-west  corner  of  the 
hundred  of  that  name  ;  it  is  separated  from  the  Humbug  Scrub  gold- 
fields  only  by  the  South  Para  River,  which  latter  is  also  included  in 
the  map.  It  was  discovered  in  October,  1868,  by  Job  Harris  and 
mates,  who  found  gold  in  the  gully  now  known  as  Spike  gully.  This 
gully  is  about  one  mile  and  a  half  long — the  prospector's  claim  being 
near  the  middle. 

The  depth  of  sinking  was  from  5  ft.  to  20  ft.,  and  some  of  the  claims 
were  very  rich,  yielding  as  much  as  £  1000  per  man. 

The  general  features  are  a  main  rocky  range,  running  from  north  to 
south,  of  which  Mount  Gawler,  near  the  south  end,  attains  a  height 
above  the  sea  of  1789  ft.  This  range  is  flanked  on  either  side  by 
patches  of  Tertiary  deposits,  on  the  spurs  between  which  the  gullies 
descend  gently  into  Malcolm's  Creek  on  the  east,  and  through  steep 
rocky  gorges  into  the  Little  Para,  Gould's  and  Tenafeate  Creeks  on  the 
west.  The  north  end  of  the  reserve,  in  Barossa,  is  divided  from  that 
in  Para  Wirra  by  the  deep  rough  gorge  of  the  South  Para  River.  Here 
the  main  ridge  runs  north-west  and  south-east,  following  the  course  of 
the  river,  and  being  capped  on  its  highest  part  by  Tertiary  beds,  with 
its  small  steep  gullies  running  south  into  the  Para  River,  and  north 
down  a  gentle  incline  into  the  Tetti  Creek. 

The  rocks  of  this  district  are  supposed  to  be  of  Lower  Silurian  age, 
from  their  lithological  resemblance  to  those  of  the  Yictorian  goldfields, 
although  from  their  highly  metamorphic  appearance,  and  no  fossils 
having  been  found,  it  is  impossible  to  say  decidedly  of  what  age  they 
are.  In  several  places  intrusive  granite  dykes  are  met  with,  and  in 
one  particular  line,  from  Malcolm's  Creek  to  Mount  Gawler,  they  are 
very  frequent. 

These  rocks  consist  of  metamorphic  argillaceous  and  micaceous 
schists,  slates,  sandstones  and  grits,  granite,  gneiss,  hornblende  schists, 
mica  schist  and  quartzites  with  granite,  greenstone,  and  felspatbic 
dykes.  As  a  rule  they  have  a  uniform  strike  of  about  20^  east  of 
north,  and  dip  to  the  eastward  from  35®  to  70*^ ;  the  only  exception  to 
this  rule  seems  to  be  near  the  Bismarck  diggings,  where  the  dip  is  70® 
west  in  two  places ;  but  this  is  probably  caused  by  local  agency,  as  it 
does  not  extend  far. 

Nearly  all  the  rocks  of  this  district,  especially  on  the  ridges,  have 
so  highly  weathered  an  appearance,  and  are  so  decomposed,  tiiat  they 
might  often  be  taken  for  Tertiary  cements,  particularly  some  coarse- 
grained metamorphic  granites,  which  contain  a  great  deal  of  iron.   The 
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only  place  where  the  rocks  are  not  highly  altered  is  along  the  Yetti 
Creek,  where  they  consist  of  sandstones  and  slates. 

Pliocene  LeadSy  Deep  Leade^  or  made  ground. — During  the  Tertiary 
period,  the  main  range  was  already  elevated  considerahly  and  two 
main  streams  flowed,  one  on  each  flank,  into  which  small  gollies  pro- 
hably  ran.  Both  these  creeks  flowed  north,  as  is  proved  by  the  level 
of  their  old  beds  descending  in  that  direction.  The  one  on  the  east 
side  seems  to  have  risen  somewhere  near  Mount  Gawler,  thence  flowing 
in  a  northerly  direction,  its  course  being  now  traced  by  a  few  out-lying 
patches  of  made  ground,  and  by  a  general  line  of  low  country  crossing 
the  present  creeks. 

The  other  had  its  rise  somewhere  to  the  southward,  and  passed  oa 
the  west  side  of  Mount  Gawler,  and  flowed  northward  towards  the 
Humbug  Scrub,  where,  at  the  head  of  Leg  of  Mutton  Gully,  it  was 
joined  by  the  eastern  stream.  Thus  increased  in  size,  it  flowed  across 
the  present  river  to  the  Barossa  goldfleld,  and  so  on  in  a  north-westerly 
direction  to  Gawler,  where  it  discharged  itself  into  the  sea.  This  is 
deduced  from  the  position  of  outlying  patches  of  Tertiary  gravel,  sand, 
and  clay  (marked  yellow  on  the  map),  which  have  escaped  denudation. 

These  deposits  constitute  the  old  gold  drifts  from  which  a  consider- 
able amount  of  gold  has  been  obtained  in  Barossa,  and  a  small  amount 
in  Para  Wirra.  As  the  payable  portion  of  these  gold  drifts  can  only 
be  ascertained  by  sinking  shafts — often  through  hard  conglomerate, 
the  gold  occurring  in  gutters  beneath — a  considerable  amount  of  labour 
has  to  be  performed  before  a  run  of  gold  is  struck ;  in  consequence, 
a  large  area  consisting  of  patches  of  this  Pliocene  Tertiary  has  not  yet 
been  prospected  by  the  gold  miner.  Here  and  there  a  hole  has  been 
put  down,  but  only  in  a  random  manner ;  and  the  ground  still  remains 
unproved. 

The  patches  of  old  gold  drift,  which  are  known  as  "  made  hills," 
are  generally  characterized  by  ferruginous  sandstone  and  conglomerate 
capping,  called  cement,  which  being  very  hard,  has  protected  the 
softer  beds  of  sand,  pipeclay,  and  gravel,  from  being  washed  away. 

In  some  cases  the  lower  beds  have  been  cemented,  in  which  case 
crushing  mills  had  to  be  employed  to  obtain  the  gold. 

Para  Wirra  Oold  Beefs. — General  Notes. 

The  Lady  Alice  reef  has  only  been  worked  to  a  depth  of  about 
160  ft.,  and  is  well  worth  being  farther  prospected  below  that  level, 
considering  the  richness  of  the  stone  already  raised  and  the  shallow 
depth  from  which  it  was  obtained. 

The  various  reefis  and  veins  which  are  at  the  present  time  being 
prospected  on  the  Young  Australian  property  show  good  prospects  of 
gold  on  and  near  the  surface.  They  are  worthy  of  a  more  systematic 
and  extensive  examination  by  means  of  shafts. 

An  examination  of  the  map  will  show  what  a  comparatively  small  area 
of  that  occupied  by  Tertiary  deposits  of  older  gold-drift  has  been 
prospected  for  gold.  Shafts  have  been  sunk  here  and  there.  Some  of 
these  have  not  been  bottomed,  i.e.  have  not  reached  the  bed-rock; 
others  have  bottomed  on  high  ground,  and  the  run  of  gold  has  not 
been  immediately  struck,  consequently  operationB  have  b€^  su^nded 
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forthwith.  Some  of  the  gullies  between  the  patches  of  older  gold* 
drift  should  be  prospected  for  gold  washed  out  of  the  *'  lead  "  across 
the  course  of  which  thej  have  been  eroded.  Where  these  gullies  are 
deeply  cut  into  the  bed-rock,  an  opportunity  is  afforded  of  testing  tho 
junction  between  the  bed-rock  and  the  Tertiary  drift  by  drives  or 
tunnels.  In  other  places,  where  the  country  is  flat,  trial  shafts  will 
be  necessary  to  prove  the  auriferous  nature  of  these  deposits. 

The  bed  of  the  South  Para  Eiver  should  contain  payable  alluvial 
gold,  as  a  large  area  of  Tertiary  gold-drift,  which  at  one  time  was 
continuous,  from  Para  Wirra  into  Barossa,  has  been  denuded  by  the 
river,  and  the  gold  it  contained  slniced  down  and  re-deposited  in  its 
valley. 

Mr.  Selwyn,  in  his  "Geological  Notes  of  a  Journey  in  South 
Australia  from  Cape  Jarvis  to  Mount  Serle,"  in  1859,  recommended 
the  testing  of  parcels  of  quartz  from  the  reefs,  and  a  search  for  gold 
in  the  Tertiary  gravels  of  the  Mount  Crawford  district,  ten  years  before 
gold  was  found. 

The  information  referring  to  the  history  of  the  diggings,  depth  of 
shafts,  etc.,  has  been  obtained  from  Messrs.  GMdard,  Barkla,  Bawes, 
Turner,  Trenowden,  Smith,  and  Bayley,  residents  of  the  district. 
That  relating  to  the  yield  of  gold  and  copper  from  the  Lady  Alice 
mine  has  been  supplied  by  Mr.  W.  E.  Lewis,  who  was  secretary  to 
the  company  from  1873  to  1879,  and  Mr.  G.  C.  Faid. 

The  Beport  contains  a  summary  of  the  results  of  all  the  gold  work- 
ings in  both  the  Barossa  Gold-reefs  and  those  of  Para  Wirra,  and  is 
accompanied  by  an  excellent  map,  prepared  by  H.  P.  Woodward, 
F.G.S.,  Assistant  Government  Geologist.  The  Beport  is  dated 
December  10  th,  1885. 
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L— April  21,  1886.— Prof.  J.  W.  Judd,  F.K.S.,  President,  in  the 
Chair. — The  following  communications  were  read : 

1.  "  On  a  certain  Fossiliferous  Pebble-band  in  the  '  Olive  group  * 
of  the  Eastern  Salt  Range,  Punjab."    By  A.  B.  Wynne,  Esq.,  F.G.S. 

The  principal  object  of  this  paper  was  to  oppose  the  views  recently 
published  by  Dr.  Waagen  as  to  the  age  of  certain  boulder-beds  in 
the  Salt  Bange  of  the  Punjab.  By  that  author  these  beds  had  been 
considered  contemporaneous  with  each  other,  and  assigned  to  the 
epoch  of  the  Coal-measures,  in  consequence  of  the  discovery  by  Dr. 
Warth  of  Carboniferous  fossils,  especially  Australian  forms  of  Conu* 
laria,  in  nodules  restricted  to  a  particular  layer  in  the  upper  part  of 
a  boulder-bed  in  the  eastern  Salt  Bange.  Mr.  Wynne  adduced 
evidence  to  show  that  the  fossils  in  question  occur,  not  in  concretions, 
as  supposed  by  Dr.  Waagen,  but  in  pebbles  evidently  derived  from 
an  older  series ;  and  consequently  there  was  no  proof  that  the 
boulder-bed  in  question  was  older  than  the  Cretaceous  Olive  beds 
with  which  it  had  hitherto  been  associated. 

The  principal  boulder-beds  in  the  Salt  Bange  were  then  briefly 
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noticed;  those  beneath  the  Carboniferous  Limestone  west  of  the 
Indus,  those  near  Arab  and  Sakesir  peak,  associated  with  the  ''  purple 
sandstone/'  '*  0&o/ti«-beds,"  and  **  speckled  sandstone,"  and  those  in 
the  eastern  portion  of  the  Salt  Bange,  amongst  the  beds  of  the 
"Salt  pseudomorph  zone"  and  "Olive  group,*'  being  successively 
passed  in  review,  and  their  relations  to  overlying  and  underlying 
strata  explained.  It  was  shown  that  boulder-beds  and  conglomerates 
containing  pebbles  and  boulders  of  the  same  crystalline  rocks  are  not 
confined  to  one  horizon. 

In  conclusion,  the  resemblance  of  the  rock,  of  which  the  pebbles 
containing  Conularia^  etc.,  were  formed,  to  that  forming  some  of  the 
"  roagnesian  sandstone  "  and  "  0&o2tM-beds,"  was  pointed  out,  and  it 
was  suggested  that  the  pebbles  in  question  may  have  been  derived  from 
representatives  of  those  beds  formerly  existing  to  the  southward. 

2.  "  On  the  Phosphatic  Beds  in  the  Neighbourhood  of  Mons."  By 
M.  F.  L.  Cornet,  For.  Corr.  G.  S. 

The  beds  are  situate  in  the  province  of  Hainaut,  near  the  town 
of  Mens  (Belgium) ;  the  workings  have  increased  of  late  years,  and 
in  1884  yielded  85,000  tons  of  phosphate. 

They  occur  in  the  Upper  Cretaceous,  which  is  exceptionally  well 
developed  in  the  district,  filling  a  trough  in  the  Carboniferous  rocks, 
and  itself  denuded  for  the  reception  of  Tertiary  and  Quaternary  beds. 

Omitting  all  Cretaceous  groups  below  the  middle  of  the  fifth  stage, 
the  following  is  the  sequence  of  the  Cretaceous  beds  which  contain 
the  phosphatic  series : — 

C.  Tufaceous  Chalk  of  Ciply,  with  the  Poudingue  de  la  Malogne  at 

its  base. 

D.  Brown  Phosphatic  Chalk  of  Ciply. 

E.  Coarse  chalk  of  Spiennes. 

F.  White  chalk  of  Nouvelles. 

F  is  a  pure  white  chalk  with  some  fiints  and  contains  Belemnitella 
mucronata,  Bhynchonella  octopHcata,  Terehrvivla  eamea,  Ananchytea 
ovatus,  etc. — an  horizon  well  known  throughout  North-western 
Europe.  Series  E  and  D  represent  one  geological  horizon,  charac- 
terized by  Ostraa,  Brachiopoda,  etc.,  in  great  numbers,  but  also 
containing  Belemnitella  mucronata,  and  lying  between  two  distinct 
planes  of  erosion. 

The  Brown  Phosphatic  Chalk  (D),  which  forms  the  Upper  division 
of  the  series,  is  about  70  feet  thick,  and  may  be  described  as  con- 
sisting of  three  parts  ;  the  upper  is  tolerably  pure  carbonate  of  lime, 
but  in  its  lower  portion  becomes  charged  with  brown  granules  mainly 
consisting  of  phosphate  of  lime ;  these  continue  to  increase  towards 
the  central  or  main  phosphatic  mass,  which  is  also  highly  fossili* 
ferous  in  places.  This  central  portion  constitutes  the  main  phos- 
phatic beds,  but  the  amount  of  phosphoric  acid  (dry)  is  not  more 
than  12  per  cent 

Hence,  it  is  necessary  to  increase  the  richness  in  phosphate  of 
the  deposit  in  order  that  it  may  be  available  for  conversion  into  a 
superphosphate.     This  may  be  done  by  mechanical  means. 

But  nature  has  already  partially  anticipated  this  process,  and  the 
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Tesult  baa  been  a  deposit  known  as  ^'ricb  pbospbate/'  oonCaining^ 
about  25  per  cent  of  pbospboric  acid.  Tbis  occurs  in  wide  cracks 
and  boles  in  tbe  ordinary  pbospbatic  cbalk.  It  usually  occurs  as 
a  fine  sand-like  powder,  and  is  evidently  tbe  result  of  tbe  action 
of  carbonated  waters  upon  tbe  pbospbatic  cbalk,  wbereby  tbe 
amount  of  carbonate  of  lime  is  reduced.  Tbis  is  especially  tbe  case 
wbere  tbe  pbospbatic  cbalk  is  not  protected  by  tbe  tufaceous  cbalk 
of  Ciply,  but  is  only  covered  by  Tertiary  or  Quaternary  beds. 

Tbe  autbor  calculates  tbat  eacb  square  foot  of  tbe  pbospbatic 
basin,  whiob  be  estimates  approximately  at  five  miles  by  tbree,  contains 
d5olbs.  of  tribasic  pbospbate  of  lime.  Finally  be  estimates  bow 
tbe  pbospbatization  of  tbe  cbalk  may  bave  been  brougbt  about 

II.— May  12. 1886.— Prof.  J.  W.  Judd,  F.R.S.,  President,  in  tbe 
Cbair. — The  following  communications  were  read : — 

1 .  '*  On  tbe  Maxilla  of  Iguanodon:'  By  J.  W.  Hulke,  Esq.,  F.R.S., 
F.G.S. 

Two  fragments,  together  representing  nearly  the  entire  left  maxilla 
of  a  species  of  Iguanodon^  have  been  found  at  Cuckfield,  the  locality 
whence  the  first  tooth  of  the  genus  was  obtained  by  Dr.  Mantell,  about 
1820.  These  fragments,  measuring  together  29  centimetres,  and  ex- 
hibiting 19  alveoli  in  the  dentary  border,  were  described  in  the  paper. 
It  was  shown  that  the  upper  jaw  in  question  probably  belonged  to 
Iguanodon  Mantslli.  In  addition  to  the  detailed  characters  described, 
the  maxillaQ  of  Iguanodon  and  Hypsilophodon  were  compared,  and  their 
distinctions  explained. 

2.  '*  Notes  on  the  Distribution  of  the  Ostracoda  of  the  Carboniferous 
Formations  of  the  British  Isles."  By  Prof.  T.  Bupert  Jones,  F.R.S., 
F,G.S.,  and  J.  W.  Kirkby,  Esq. 

Although  all  the  Ostracoda  of  the  Carboniferous  formations  are  not 
vet  described,  there  are  170  species  and  notable  varieties  known, 
belonging  to  33  genera  of  9  families.  About  25  of  these  species, 
not  yet  described,  but  determined  by  the  authors,  are  introduced 
into  their  lists  as  giving  a  fuller  idea  of  the  value  of  this  manifold 
Crustacean  group. 

In  the  first  place  they  referred  to  the  classification  of  the  Carbon- 
iferous strata  in  Scotland  and  in  England,  according  to  the  local  dif- 
ferences, taking  in  succession  "Scotland  West,"  "Scotland  East," 
"England  North,  with  the  Isle  of  Man,"  "England  Central  and 
South,  with  South  Wales,"  as  the  several  districts  from  which  they 
have  obtained  good  groups  of  Ostracoda  from  different  members  of  the 
Carboniferous  series. 

In  Fife,  the  lowest  local  Carboniferous  strata  contain  Beyriehia  itdh- 
arcuata;  higher  up  come  in  Carhonta  fahulina,  C.  Eankinumaf  Bairdia 
nitida  and  Leperditia  Okeni ;  the  last,  accompanied  by  other  species, 
occurs  throughout  this  lowest  series,  in  which  the  record  is  more  com- 
plete than  in  Midlothian  and  Linlithgowshire,  where  the  same  species 
also  occur.  In  Dumfriesshire  and  Ayrshire  Zeperditia  Okeni  and  Z. 
suhreeta  have  been  found  in  beds  even  lower  than  the  above  mentioned, 
and  are  therefore  probably  the  oldest  Carboniferous  Ostracoda ;  other 
species  accompany  them  higher  up,  and  in  Eoxburghshire  some  localities 
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of  the  Carboniferous-sandstone  series  are  very  rich  in  species.     The 

Carboniferous-Limestone  series  of   S.W.  Scotland  has   been  highly 

productive  of  Ostracoda,  particularly  the  shales  of  the  lower  beds ;  36 

species  are  common  or  characteristic.     The   middle  or  coal-bearing 

portion  has  yielded  but  few,  chiQ^Lj LepwrditiaToungiana^  one  Beyrichia^ 

Carhonia  fahulina,  and  C.  Rankiniana,     The  Upper-Limestone  group 

contains   many  recorrents  from  below  and  a  few  others,  including 

Youngia  rectidorsaUs  (MS.).     The  Millstone-Grit  equivalents  have  no 

Gstracoda;   but  the  overlying  Coal-measures  are  rich  in    Carbonus, 

-with  a  few  others,  such  as  Cypridina  radiata, 

A  great  variety  of  genera  and  species  come  from  beds  at  or  near  the 
base  of  the  Scar  Limestone  and  its  equivalents  in  North  Lancashire, 
Westmoreland,  Cumberland,  and  Northumberland.  The  Calcareous 
shales  of  the  Yoredale  have  several  interesting  forms,  including  Phrea- 
tura  eoncinna  (MS.) ;  none  from  the  Millstone-Grit. 

The  Lower  Coal-measures  give  Beyrichxa  arcuata  and  Carhonia,  sp. 
The  middle  beds  have  B,  arcuata  and  Carhonia  fahulina,  common ; 
rarer,  C  Bankiniana,  C.  secam,  C.  scalpelluSf  C.  Wardiana  (MS.),  and 
Philomedes  elongata.  In  the  Upper  Coal-measures  B.  suharcuata  re- 
appears ;  and  in  the  ^^tror^i^-limestone  Leperditia  inflata  is  the  latest 
Carboniferous  Ostracod  in  England. 

In  Northamptonshire  the  deep  Gayton  boring  (at  730  feet)  has  given 
Kirkhya  variabilis,  K,  plicata,  Bythocypris  sublunata,  Macrocypris 
Jonesiana,  Cytherella  extuherata,  and  C,  attmuata,  all  but  one  belonging 
to  the  Lower-Carboniferous  series.  In  Salop,  South  Wales,  and  Somer- 
set the  Carboniferous  Limestone  has  yielded  several  good  species  of 
Zeperditia,  Kirkbya,  Moorea,  Bythocypris,  Bairdia,  etc.  Carhonia 
Agnes  and  C,  Evelina  belong  to  the  South-Welsh  Coal-measures. 

The  distribution  of  the  Carboniferous  Ostracoda  in  Ireland  requires 
further  work ;  but  the  Lower-Carboniferous  Shales  and  the  Mountain 
Limestone  near  Cork  and  elsewhere  are  very  rich,  as  are  also  some 
parts  of  the  latter  in  the  Isle  of  Man. 

The  Ostracoda  of  the  Permian  formation  were  then  treated  of  in 
relation  to  their  Carboniferous  allies,  and  the  range  of  the  British 
Carboniferous  Ostracods  in  Europe  and  North  America  was  noticed  in 
some  detail. 

The  results  of  the  examination  were  shown  in  two  extensive  tables. 

3.  ''  Note  on  some  Yertebrata  of  the  Bed  Crag."  By  E.  Lydekker, 
Esq.,  F.G.S. 

This  communication  contained  briefly  the  results  of  a  re-examina- 
tion of  the  specimens  from  the  bone-bed  of  the  Eed  Crag  in  the  British 
and  Ipswich  Museums,  a  series  of  casts  from  the  latter  having  been 
added  to  the  former.  The  forms  noticed  were  Jffyana  striata^  with 
which  JET.  antiqua  and  IT  arvemensis  were  considered  probably  identi- 
cal ;  Mastodon,  of  which  the  author  thought  three  species,  M.  arver- 
nensis,  M.  longirostris  and  if.  Borsoni,  were  represented  ;  8us,  of  which 
two  forms,  the  larger  probably  8.  erymanthius  or  8.  antiquus,  the 
smaller  8,  palaochcerus,  had  been  delected;  a  Tapir,  which  was 
probably  Tapirus  arvernensis  or  T.  elegans  rather  than  T.  prisons : 
Mipparion  gracile ;  a  Rhinoceros  referable  to  the  hornless  R.  ineisivus 
xaUier  than  to  R.  Sehleiermacherif  though  the  latter  probably  also 
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occurred;  a  species  of  Albatross  {JDiomedea)  represented  by  a  right 
tarso-metatarsus,  and  the  associated  proximal  phalangeal  bone  of  the 
fourth  digit. 

4.  **  The  Pleistocene  Succession  in  the  Trent  Basin."  By  R.  M. 
Deeley,  Esq.,  F.G.S. 

The  author,  after  referring  to  the  previous  publications  on  the  subject, 
proceeded  to  notice  the  leading  characters  of  the  greatly  developed 
rleistocene  deposits  in  the  area  drained  by  the  Trent  river  and  its 
tributaries.  He  proposed  to  classify  the  beds  in  question  under 
three  divisions,  comprising  the  following  stages.  The  beds  of  the 
lowest  division  were  distinguished  from  those  of  the  middle  and  upper 
by  the  absence  of  Cretaceous  rock-d6bris. 

!  Early  Pennine  Boulder-day. 
Quartzoee  Sand. 
iMiddle  Pennine  Boulder-clay. 
(  Melton  Sand. 
Middle  Plsistocbks.  <  Great  Chalky  Boulder-clay. 
(  Chalky  Sand  and  Gravel 

Each  of  the  stages  was  then  described  separately,  with  details  of 
exposures  and  sections  throughout  the  area. 

The  Early  and  Middle  Pennine  Boulder-days,  which  closely  resem- 
bled each  o&er,  were  regarded  as  composed  of  materials  derived  almost 
entirely  from  the  Derbyshire  mountains,  but  with  a  slight  admixture, 
to  the  westward,  of  erratics  derived  from  Scotland  and  Cumberland. 
The  latter  were  probably  brought  from  those  counties  by  an  ice-stream, 
the  main  materials  of  the  deposits  having  been  transported  from  the 
Pennine  chain  by  glaciers,  and  deposited  in  the  partially  submerged 
valley  of  the  Trent.  The  intermediate  quartzose  sand  was  deposited 
in  the  sea  during  an  intercalated  warmer  age  of  considerable  sub- 
mergence. 

The  Middle  Pleistocene  deposits,  distinguished  from  the  earlier  by 
containing  large  quantities  of  chalk  and  flints  derived  from  the  north- 
east, were  apparently  formed  at  a  time  when  the  level  of  the  Trent- 
yalley  area  was  lower  than  that  of  the  Cretaceous  tracts  in  Lincoln- 
shire and  Yorkshire.  The  Great  Chalky  Boulder-clay  was  chiefly 
a  ground-moraine  formed  beneath  an  ice-sheet  on  land,  but  in  places 
presented  signs  of  aqueous  origin.  The  Melton  sand,  below,  in  which 
Cretaceous  detritus  flrst  appeared  in  abundance,  consisted  of  stratified 
sands  with  occasional  beds  of  gravel  or  loam,  and  indicated  a  less 
extreme  temperature.  In  West  Stafibrdshire  the  gravels  and  sands 
probably  represented  the  entire  Middle  Pleistocene  deposits,  no  great 
Chalky  Boulder-clay  being  found,  and  in  this  area  fragments  of  marine 
mollusca  were  of  frequent  occurrence.  The  Chalky  Gravel  was  also 
a  marine  deposit,  and,  like  the  Melton  Sand,  was  probably  formed  when 
the  temperature  was  rather  milder  than  it  was  during  the  deposition  of 
the  Great  Chalky  Boulder-clay. 

In  the  Newer  Pleistocene  epoch  re-elevation  of  the  Trent  valley  and 
of  the  Pennine  chain  appeared  to  have  again  produced  a  change  in  the 
direction  from  which  the  materials  of  the  deposits  were  derived.     The 
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Interglacial  Alluvium  was  of  freshwater  origin,  but  the  admixture  of 
Scotch  and  Cumbrian  detritus  with  that  derived  from  the  Pennine  range 
indicated  that  glaciers  from  the  north  again  reached  the  Trent  area. 
A  colder  age  succeeded,  during  which  the  Later  Pennine  Boulder-clay 
was  formed,  partly  of  local  materials,  partly  of  erratics  from  the 
Pennine  range,  mixed  with  a  few  from  Cumberland  and  even  from 
Wales.  This  deposit  was  almost  entirely  unstratified,  and  consisted 
largely  of  moraine  detritus,  the  ice-sheets  having  disturbed  and  re- 
arranged the  earlier  deposits  and  mixed  them  with  rock-detritus  from 
the  neighbourhood.  To  this  later  ice-sheet  was  attributed  the  contor- 
tion so  fi^queptly  observed  in  the  Older  and  Middle  Pleistocene  deposits. 
Reasons  were  given  for  the  opinion  that  such  contortions  wore  due  to 
ice-  and  not  to  soil-cap  motions  or  their  later  agencies. 

5.  ''On  the  Existence  of  a  Submarine  Triassic  Outlier  in  the 
English  Channel  off  the  Lizard."   'By  R.  N.  Worth,  Esq.,  F.G.S. 

Attention  was  called  to  the  frequent  occurrence  of  sandstone 
fragments  in  a  certain  part  of  the  English  Channel,  brought  up  by 
the  fishermen's  **  long  lines."  The  evidence  favours  the  idea  that 
these  rocks  are  in  situ, 

A  list  of  the  specimens  found,  with  bearings  and  distances,  was 
given ;  they  consist  of  red,  and  sometimes  greyish  sandstones,  mostly 
soft,  also  marls,  "  potato  stone,"  and  nodules  of  Triassic  trap.  The 
affinities  are  with  the  Keuper  of  Devon.  The  position  deduced  from 
the  observations  is  about  10  miles  S.E.  of  the  Lizard,  and  beyond  the 
80- fathom  line.  This  submarine  outlier  is  larger  than  any  outlier  on 
the  mainland  of  Devon  or  Cornwall,  and  carries  the  English  Trias 
nearly  50  miles  further  to  the  S.W. 

ZOOLOGIOAL  SOOIETY  OF  LoNDON. 

April  20th,  1886.— Prof.  W.  H.  Flower,  LL.D.,  F.R.S.,  President, 
in  the  Chair. — The  following  commnnication  was  read : — 

3.  "  On  the  Eolations  of  the  Mandibular  and  Hyoid  Arches  in  a 
.Cretaceous  Shark  {Myhodus  dtibrisienais,  Mackie)."  By  A.  Smith 
Woodward,  F.G.S.     Communicated  by  the  Secretary. 

In  this  paper,  the  author  described  the  mandibular  and  hyoid 
arches  of  Hyhodus  duhriaiensia,  as  exhibited  in  a  fossil  from  the 
Chalk  of  Kent,  preserved  in  the  British  Museum.  The  cartilages 
are  all  in  an  admirable  state  of  preservation,  and  show  that  the 
Cretaceous  Hybodont  skull  made  a  near  approach  to  the  primitive 
condition  termed  "  amphistylic "  by  Prof.  Huxley  (Proo.  Zool.  Soc. 
1876,  p.  41).  The  fossil  jaws  are  also  interesting  from  their  close 
}  resemblance  to  those  of  the  Notidanidsd,  which  are  the  most 
amphistylic  of  living  vertebrates ;  and  the  pterygo-quadrate  cartilage 
exhibits  the  facette  for  a  post-orbital  articulation  with  the  cranium, 
which  forms  so  characteristic  a  feature  of  the  existing  family  just 
mentioned.  The  hyoid  elements  are  likewise  remarkably  slender. 
The  fossil  further  shows  traces  of  well-caloified  vertebrae,  which  are 
astero-spondylic  in  structure,  and  are  well  seen  in  a  second  specimen 
in  the  National  Collection.  The  latter  fact  is  of  peculiar  interest, 
since  a  fossil  from  the  Lias,  with  teeth  generically  indistinguishable, 
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affords  distinct  evidence  of  a  persistent  notochord,  with  the  arches 
alone  calcified ;  and  as  three  Hybodont  pterygo-qaadrates  of  Liassio 
and  Wealden  age  appear  to  be  destitute  of  an  articular  facette  where 
contiguous  with  the  post-orbital  region  of  the  cranium,  there  is  also 
a  corresponding  indication  of  progressive  development  in  the 
mandibular  arch.  The  author  also  pointed  out  that  the  differences 
between  the  anterior  and  posterior  teeth  are  more  marked  in  H. 
duhrisienM  than  in  any  of  the  earlier  forms  of  which  satisfactory 
remains  are  known,  and  concluded  by  suggesting  that  future  research 
in  regard  to  structures  other  than  teeth  will  probably  lead  to  the 
generic  subdivision  of  the  multitudinous  forms  bittterto  grouped 
under  the  name  of  Eybodua. 

THE  SURVEY  OF  WESTERN  PALESTINE. 

Sib, — Permit  me  to  offer  two  or  three  observations  as  regards 
matters  of  fact  in  reply  to  the  criticisms  contained  in  the  review  of 
the  "  Geological  Memoir  on  Arabia  Petrsea  and  Palestine.*'  The 
reviewer  says  (p.  229) :  "  Fossils  appear  to  be  rare  throughout  the 
[Cretaoeo-Eooene]  series — the  Expedition  does  not  seem  to  have 
discovered  any  in  fact.''  This  is  really  not  so.  We  brought  home 
a  good  many  specimens,  and  I  placed  them  in  the  hands  of  Professor 
Bellas  (who  was  so  good  as  to  describe  the  Carboniferous  forms) 
for  determination.  But  owing  to  causes,  doubtless  quite  sufficient, 
I  did  not  receive  the  specimens  back  till  too  late  for  publication. 
Since  then  Prof.  Sollas  has  informed  me  that  there  were  no  new 
forms  amongst  them,  as  they  had  already  been  determined  by  Lartet 
and  others.  It  is  only  known  to  those  who  have  made  the  attempt, 
how  difficult  it  is  to  collect  fossils  and  specimens  when  on  a  journey 
on  camel-  or  horse-back,  through  the  desert  under  a  temperature  of 
SO""  Fahr.  in  the  shade,  and  112^  in  the  sun. 

Again,  in  speaking  of  the  "  Calcareous  Sandstone  of  Philistta^** 
the  reviewer  states,  "  No  thickness  is  assigned  to  this  deposit."  I 
have  only  to  say  in  reply  that  owing  to  the  extent  to  which  Philistia 
is  overspread  by  the  deposits  of  the  220  raised  sea-bed — and  with 
loam — the  sections  of  this  sandstone  are  very  rare;  nor  had  we 
any  opportunity  of  observing  the  junction  of  the  sandstone  with  the 
Nummulite-limestone.  Both  thickness  and  relations,  as  they  are  in- 
ferred by  me,  may  be  gathered  from  the  horizontal  section,  No.  1, 
across  Palestine.  It  is  not  improbable  the  formation  has  a  thickness 
of  300  to  400  feet  The  reviewer  seems  to  have  overlooked  the  fact 
that  this  sandstone  appears  to  have  its  equivalent  in  the  series  at 
Mokattam  Hill,  near  Cairo,  described  by  Schweinfurth. 

3.  As  regards  the  question,  "  What  has  become  of  the  materials 
which  have  been  removed  from  the  surface  of  the  drainage  area  of 
the  Dead  Sea  ?  "  (p.  231).  As  this  basin  never  had  an  outlet,  there 
can  be  only  one  answer  (which  appears  to  me  self-evident) — that 
they  are  either  used  up  in  the  terraces— or  are  spread  over  the  floor 
of  the  Dead  Sea  and  Jordan-Arabah  Valley.    The  bottom  both  of 
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the  Dead  Sea  and  of  this  valley  are  covered  by  alluvial  deposits. 
What  the  thickness  of  these  may  be  no  one  knows ;  nor  can  the 
qnestion  of  the  depth  to  the  solid  rocks  below  the  alluvial  materials 
be  solved  except  by  extensive  boring  operations.  In  my  opinion  the 
depth  is  very  great ;  and  if  this  be  so,  the  answer  to  the  question  of 
the  reviewer  is  plain, — at  least,  this  is  the  only  answer  I  conceive 
possible. 

DuNPANNAGHT,  I2th  May,  1886.  EdWARD  HulL. 


THE  DEVELOPMENT  OF  THE  NORTH  AMERICAN  CONTINENT. 

Sir, — There  are  no  questions  in  Greology  more  important  and  more 
fascinating  than  those  of  Palado-geography.  All  geologists  must  be 
grateful  to  Prof.  Hull  for  the  light  he  has  shed  upon  them.  But, 
'  also,  there  are  no  questions  which  are  more  difficult,  and  the  solution 
of  which  is  more  illusory.  I  would  not  again  trouble  you  on  this 
subject  except  to  correct  what  seems  to  me  a  grave  misconception  on 
the  part  of  Prof.  HuU,^  which  lies  at  the  basis  of  nearly  all  the 
difference  between  us. 

He  refers  to  an  ideal  section  of  the  Paladozoic  rocks  on  p.  288  of 
my  •*  Elements  of  Geology  "  (being  a  section  from  Canada  through 
New  York  to  Pennsylvania),  as  indicating  continued  Bvbsidence  of 
sea-bottom  and  retreat  of  shore-line  northward  during  the  Palsdozoio 
period.  This  interpretation  is  the  very  opposite  of  that  usually  given 
by  American  geologists.  Perhaps  the  mistake,  if  it  be  one,  is  partly 
due  to  bad  drawing.  In  order  to  bring  all  the  Palssozoic  strata 
within  the  compass  of  a  small  figure,  the  southward  dip  is  enormously 
exaggerated.  In  fact,  the  strata  are  nearly  level,  the  average  dip 
being  probably  not  more  than  15-20  feet  per  mile.  The  successive 
appearance  of  younger  and  younger  rocks  as  we  go  southward  is 
supposed  by  all  American  geologists  to  indicate  a  gradual  elevation 
of  the  Canadian  land- mass  of  that  time,  and  a  consequent  advance  of 
the  shore-line  southward  with  steady  increase  of  land.  This  is  seen  at 
once  if  the  section  be  drawn  with  smaller  dips  and  leaving  out 
details  (Fig.  1). 


Fio.  1.— Generaliied  N.E.  and  S/W.  aection  from  Canada  through  New  York  to 
PennsylTania.  A.  Archaean.  P.  Primordial.  Z.S.  Lower  Silurian. 
U.S,  Upper  Silurian.  2>.  Devonian.  S.C,  Sub-Carboniferous,  abode 
sncoeesive  shore-lines.    Itrf*  I""  successive  sea-levels. 

The  western  shore-line  of  the  eastern  land-mass  was,  on  the  con- 
trary, nearly  stationary,  and  hence  the  prodigious  thickness  of  Palaeo- 
zoic sediments  in  the  Appalachian  region.      Even  here,  however, 
1  See  Prof.  Hull's  letter,  Gbol.  Mao.  April,  1886,  p.  189. 
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n^atever  movement  of  shore-line  there  was,  seems  to  have  been 
^^0Btward  with  increase  of  land. 

■p^lf  wo  other  points  I  briefly  touch.  Prof.  Hull  thinks  that  I  do  not 
'fPb^gsnz^  sufficiently,  if  at  all,  his  most  important  point,  viz.  *'  the 
'^^ease  of  thickness  of  sediments  to  the  N.E.  and  E.,  and  their 
i^t^nuation  and  replacement  by  limestone  in  the  opposite  direction." 
f  I  did  not  lay  stress  on  this,  it  was  only  because  I  supposed  it 
nerally  recognized,  although  Prof.  Hull  brings  it  out  in  a  very 
itriking  way  in  his  figures.  No  one  has  emphasized  these  facts,  and 
their  significance  as  showing  a  large  land-mass  to  the  north-east  and 
a  wide  ocean  to  the  south-west,  more  than  I  have.* 

Again,  in  my  previous  communication  ^  I  said,  ''  There  is  no  reason 
why  the  eastern  land-mass,  which  sufficed  to  contribute  30,000  ft  of 
Silurian  and  Devonian  sediments,  should  not  have  been  sufficient  to 
contribute  the  much  smaller  amount  of  Carboniferous  sediments." 
Prof.  Hull  thinks  this  a  begging  of  the  question  at  issue.  For,  says 
he,  '*  the  narrow  strip  of  land  allowed  by  Prof.  Le  Conte  was  quite 
insufficient  to  produce  80,000  ft.  of  conformable  sediments."  I  can 
only  say  in  reply  that  Pro£  Hull's  map  of  Silurian  times  led  me 
astray :  for  this  shows  just  such  a  land-maRS  as  I  suppose,  while  his 
map  of  Carboniferous  times  shows  a  very  much  greater  land-mass. 
I  suppose,  now,  however,  that  he  imagines  this  land-mass  to  have 
increased  on  its  eastern  side  through  Silurian  and  Devonian  times. 
If  so,  it  must  have  increased  very  rapidly,  for  the  Silurian  alone  is 
20,000  ft  thick  in  the  Appalachian  region.       Joseph  Lb  Contb. 


PERMANENCE  OF  CONTINENTS  &  OCEAN-BASINS,  WITH  SPECIAL 
KEFERENCE  TO  THE  FORMATION  AND  DEVELOPMENT  OF 
THE  NORTH  AMERICAN  CONTINENT.* 

Sir, — Will  you  allow  me  to  make  a  correction  ?  Prof.  Charaberlin 
has  kindly  drawn  my  attention  to  the  fact  that  in  my  original  com- 
munication to  you  on  this  subject'  I  have  misrepresented  him,  and  I 
wish  therefore  to  acknowledge  my  error.  The  map  on  p.  62  of 
Prof.  Chamberlin's  work  on  the  Geology  of  Winconsin  was  not 
intended,  as  I  supposed,  as  a  map  of  Archaean  areas,  but  really 
as  a  map  of  land  during  a  portion  of  Archaean  times,  viz.  (if  I 
understand  him)  at  the  beginning  of  the  period  of  Huronian 
sedimentation.  I  was  misled  by  its  great  resemblance  to  the  usually 
recognized  map  of  Archaean  areas.  The  confusion  of  thought  to 
which  I  referred  does  indeed  exist,  but  Prof.  Chamberlin  is  not  an 
example  of  it. 

Let  us  hope  that  Prof.  Chamberlin  will  give  us  more  fully  hia 
mature  views  on  this  so  obscure  and  yet  so  important  subject  No 
one  is  more  competent  than  he  to  write  with  authority  on  the 
subject.  Joseph  Lk  Conte. 

Bebkelbt,  Calipornia,  May  3,  1886. 

1  Am.  Jonr.  vol.  iv.  p.  463,  1872.    ElementB  of  Geol.  p.  289. 

>  See  Gbol.  Mao.  March,  1886,  p.  100. 

»  Gbol.  Mao.  1886,  Dec  III.  Vol  III.  p.  97. 
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I.  —  On    Dbsuidopora    alvbolabis,   Nioh.,    a   New   Gekits    and 
Spsoibs  of  Siluriah  Corals. 

By  H.  Allbtnb  Nicholson,  M.D.,  D.Sc., 

Begins  Professor  of  Natural  History  in  the  UniTersity  of  Aberdeen. 

(PLATE  VIII.) 

Dbsmidopora,  gen.  nov. 

Oen.  Char. — Oorallum  oomposite,  with  an  epitheoate  base,  the 
oorallites  sabpolygonal,  and  indissolubly  united  by  the  coalescence 
of  their  walls.  The  oorallites  are  sometimes  oiroumscribed,  but  they 
are  for  the  most  part  more  or  less  extensively  connected  by  deficiency 
of  their  walls  in  particular  directions,  so  as  to  give  rise  to  sinuous 
rows  of  serially-united  tubes.  The  calioes,  like  the  oorallites,  may 
be  ciroumscribed,  but  are  mostly  in  the  form  of  vermiculate  grooves 
corresponding  with  the  serially  confluent  oorallites.  The  oalices 
are  not  obliqae,  nor  are  the  oorallites  reclined.  Mural  pores  are 
numerous  and  well  developed.  Septa  and  septal  spines  are  wholly 
wanting.  The  tabulsd  are  numerous,  being  simple  and  complete  in 
the  ciroumscribed  oorallites,  but  becoming  vesicular  in  the  rows  of 
serially  confluent  oorallites.    New  oorallites  are  produced  by  fission. 

I  have  found  it  necessary  to  propose  the  above  generic  name  fov 
a  remarkable  coral  from  the  Wenlo<^  Limestone  of  Dudley,  for 
specimens  of  which  I  am  indebted  to  the  kindness  of  Mr.  William 
Madeley,  whose  experienced  eye  had  recognized  that  they  belonged 
to  an  unusual  type.  In  general  aspect,  the  specimens  show  resem- 
blanoes  to  the  laminar  forms  of  both  AlveoUte$  and  OhateUi,  as  also 
to  Lahechia ;  and  it  was  to  the  last  of  these  that  I  was  at  first  dis- 
posed to  refer  them.  A  microscopical  examination  has,  however, 
shown  that  they  are  most  nearly  related  in  reality  to  AlteoHtes  ;  the 
presence  of  numeroas  mural  pores,  quite  of  the  type  of  these  struc- 
tures in  FavoBttes  itself,  proving  that  they  are  indubitably  referable 
to  the  group  of  the  Favositidaa.  The  specimens,  however,  exhibit 
the  following  structural  peculiarities,  which  preclude  our  referring 
them  to  any  previously-named  genus  of  Favositoid  Corals  with 
which  I  am  acquainted : — 

(1.)  The  primordial  wall  of  the  oorallites  is  entirely  wanting, 
adjoining  visceral  chambers  being  thus  separated  by  an  apparently 
single  wall,  as  is  the  case  in  the  genua  CkaUtes,  Fischer. 

DBCADB  in.^T0L.  IU.^lf0.  TIU  19 
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(2.)  A  certain  number  of  the  ooralUtes  may  have  their  visoeral 
chambers  definitely  circumscribed ;  but  others  are  united  in  serial 
rows  by  deficiency  of  their  walls  on  corresponding  sides.  These 
rows  are  sinuous ;  and  the  calices  assume,  therefore,  largely  the  form 
of  winding  labyrinthine  grooves  (PL  VIII.  Fig.  2). 

(3.)  No  septa  or  septal  spines  are  present  In  examining  the 
surface  of  well-preserved  specimens  one  might  be  easily  led  to  sup- 
pose that  irregular  septa  were  here  and  there  developed ;  but  these 
apparent  septa  are  really  only  the  inward  projections  of  the  walls  of 
the  corallites  marking  the  boundaries  of  the  separate  tubes  in  the 
serially  united  rows. 

(4.)  In  the  completely  circumscribed  corallites,  the  tabulsa  are 
simple,  and  are  either  horizontal  or  are  curved  with  their  convexities 
pointing  towards  the  calices.  On  the  other  hand,  in  the  serially 
united  corallites  the  tabulae  become  vesicular  by  reason  of  their  con- 
fluence in  adjoining  tubes. 

(5.)  The  mode  of  increase  is  by  fission  of  the  old  tubes. 

The  characters  above  enumerated  form,  as  before  remarked,  a  com- 
bination so  peculiar,  as  to  render  it  impossible  to  refer  the  specimens 
possessing  them  to  any  recognized  genus  of  the  Favosi  tides.  I  there- 
fore propose  for  their  reception  the  new  genus  DesnUdopora.  The 
essential  distinction  between  this  genus  and  all  the  normal  genera  of 
the  Favositidsd  is  the  fact  that  in  Deemidopora  the  mode  of  growth  is 
fissiparous,  and  that  many  of  the  corallites  are  thus  confluent  in 
serial  rows.  Apart,  however,  from  this  fundamental  distinction, 
there  are  minor  features  which  separate  the  present  type  from  the 
normal  genera  of  the  Favositidaa.  Thus,  in  Favositea  itself  there  is 
a  persistent  primordial  wall  to  the  corallites,  and  septal  spines  are 
usually  present;  whereas  in  De»midopora  the  walls  of  adjoining 
tubes  are  indistinguishably  fused  together,  and  no  traces  of  septal 
structures  can  be  detected.  In  Pachypora,  Lindstr.,  again,  not  only  is 
there  a  persistent  primordial  wall  to  the  corallites,  but  each  visceral 
chamber  is  contracted  by  the  development  of  a  special  secondary  lining 
of  sclerenchyma.  The  genus  Alveoliies,  Lam.,  is  separated  by  the 
minor  peculiarities  of  the  oblique  form  of  the  calioes  and  the  presence 
of  septal  teeth  or  ridges,  while  the  mural  pores  are  large  and 
nniserial.  Lastly,  the  genus  Laceripora,  Eichw.,  makes  a  nearer 
approach  to  the  present  type  than  is  the  case  with  any  other  known 
genus  of  the  Favositids.  Apart,  however,  from  the  fundamental 
point  of  the  fissiparous  mode  of  increase  in  Devmidopora,  the  genus 
Laceripora^  Eichw.,  is  further  separated  from  the  latter  by  the  per- 
sistent primordial  wall  of  the  corallites,  the  possession  of  distinct 
septa,  and  the  fact  that  a  special  secondary  lining  of  sclerenchyma  is 
developed  in  the  tubes  in  the  peripheral  region  of  the  corallum.  In 
tangential  sections  of  Laceripora  the  visoeral  chambers  of  adjoining 
tubes  often  become  connected  by  deficiency  of  the  intervening  wall ; 
but  this  is  not  due — as  might  easily  be  imi^ned — to  fission  of  the 
tubes.  On  the  contrary,  it  is  simply  due  to  the  fact  that  the  section 
happens  to  cut  at  such  points  across  the  very  large  mural  pores  with 
which  the  corallites  are  provided. 
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Very  closely  related  to  Zaeeripora,  Eicbw.,  if  indeed  really  generi- 
oally  distinct  from  it,  is  the  genus  Somphopora,  Lindstr.  (**  Ober- 
silurische  Eorallen  von  Tshau  Tien,"  p.  51,  pi.  vii.  figs.  2 — 5) ;  and 
this,  therefore,  al^o  presents  some  resemblances  to  Desmidopora, 
In  Somphopora,  however,  the  primordial  wall  of  the  corallites  is 
persistent,  and  well-developed  septal  structaree  are  present,  while 
the  maral  pores  are  of  very  large  size,  points  quite  sufficient  to  prove 
its  distinctness  from  Desmidopora. 

Beyond  the  limits  of  the  Perforate  Corals,  the  only  genus  with 
which  Deamidopora  need  be  compared  is  Ohateiei,  Fischer.  In 
general  aspect  there  is  a  decided  resemblance  between  Desmidopora 
and  some  of  the  species  of  Ckatetea ;  and  the  fissiparous  mode  of 
increase  is  a  structural  feature  common  to  the  two  genera.  There 
are,  moreover,  species  of  Chatete$  (such  as  0.  Etheridgiif  Thoms.  sp.) 
in  which  the  corallites  in  the  process  of  fission  become  often  laterally 
elongated,  and  the  calices  are  therefore  commonly  compressed  and 
sinuous.  The  presence  of  numerous  well-marked  mural  pores  in 
Deamidopora  is,  however,  of  itself  sufficient  to  separate  the  present 
genus  wholly  from  Chatetea,  Fischer.* 

The  only  species  of  Desmidopora  with  which  I  am  acquainted 
occurs  in  the  Wenlock  Limestone  of  Britain,  and  possesses  the  foU 
lowing  characters : — 

DflSMIDOPORl   ALVKOLABIS,  Nich. 
Laheehia  ahmlariiy  Kioh.,  Hon.  Brit.  Stromatoporoids,  p.  8S  (name  only),  1886. 

Spec,  Char.. — Coralliim  in  the  form  of  a  laminar  expansion,  which 
may  reach  half  a  foot  in  diameter,  and  which  varies  in  thickness 
from  less  than  a  centimetre  to  two  centimetres.  The  corallum 
was  attached  to  some  foreign  body  by  a  peduncle,  and  the  base  is 
covered  by  a  concentrically  wrinkled  epitheca  (PI.  VIII.  Fig.  1).  The 
corallites  are  directed  approximately  at  right  angles  to  the  basal 
epitheca,  and  are  usually  from  ^  to  I  millim.  in  diameter.  The 
calices  are  variable  in  shape,  but  are  never  oblique  or  crescentic  in 
form.  Parts  of  the  surface  generally  show  many  of  the  calices  as 
as  snbpolygonal,  definitely  circumscribed  apertures  (PI.  YUI.  Fig.  3) ; 
while  in  other  parts  the  odices  have  become  more  or  less  extensively 
confluent,  and  have  the  form  of  winding  and  sinuous  grooves  (PI.  VIII. 
Fig.  2).  The  tabul»  are  numerous,  mostly  convex,  with  their  con- 
vexities turned  upwards,  and  generally  about  half  the  diameter  of 
the  corallites  apart.  Very  often  they  are  placed  at  approximately 
the  same  level  in  adjoining  tubes;  and  in  the  serial  rows  of 
corallites  they  become  vesicular.  Mural  pores  are  numerous,  but 
not  of  unusually  large  size. 

^  Mr.  James  Thomson  has  descrihed  moral  pores  as  ocoorring  in  Chaietes  Ethe* 
ridgil,  Thoms.  sp.,  (7.  teptotut,  Flem.,  C.  depresnts,  Flem.,  and  C  hyperbareus, 
Nich.  and  Eth.,  jnn. ;  and  he  has  therefore  referred  these  species  to  AheoUtea  (Proc. 
Phil.  Soo.  Glasg.  1881).  I  have,  howcTer,  examined  numerous  specimens  and 
microscopic  sections  of  all  these  species,  and  am  quite  satisfied  that  the  walls  of  the 
corallites  are  in  all  of  them  imperforate.  Indeed,  the  figures  given  hy  Mr.  Thomson 
himself  show  condusiTely  that  the  structures  which  he  has  descrihed  as  mural  pores 
Qould  not  possibly  be  of  this  nature^ 
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The  struotnre  of  Desmidopora  alveolarie  oan  be  readily  made  out 
by  means  of  thin  sections,  if  these  happen  to  be  taken  from  a 
specimen  in  which  the  skeleton  has  not  been  mnoh  altered  by  mine- 
ralization. In  tangential  sections  of  such  specimens  (PI.  VIII.  Fig.  4), 
the  walls  of  the  corallites  are  seen  to  be  of  moderate  thickness,  and 
to  exhibit  no  traces  of  the  primordial  wall.  No  traces  of  septal 
Btractures  are  to  be  detected,  and  the  visceral  chambers  of  many  of 
the  corallites  are  directly  continuous  in  winding  series.  In  vertical 
sections  (PI.  YIII.  Figs.  5  and  6),  the  mural  pores  are  seen  at  the 
points  where  the  plane  of  the  section  happens  to  coincide  with  the 
walls  of  the  corallites,  and  their  presence  is  further  recognized  by 
the  common  occurrence  of  interruptions  to  the  complete  continuity 
of  the  walls.  Where  the  section  happens  to  intersect  one  of  the 
rows  of  confluent  corallites  in  any  direction  except  a  directly  trans- 
verse one,  the  tabulae  are  seen  to  be  vesicular,  but  at  other  points 
they  are  as  a  rule  complete. 

In  other  specimens  the  skeleton  has  undergone  considerable 
secondary  change,  and  the  appearances  presented  in  these  cases  are  to 
a  large  extent  different  to  what  they  are  in  normal  examples  of  the 
species.  Thus,  in  such  oases  (PL  YIII.  Figs.  7  and  8),  the  walls  of  the 
tubes  are  considerably  thickened,  and  in  tangential  sections  exhibit 
a  peculiar  beaded  appearance.  The  same  thickening  of  parts  of  the 
walls  of  the  corallites  is  shown  in  vertical  sections.  The  first  sec- 
tions which  I  examined  were  taken  from  a  specimen  which  had  been 
mineralized  in  this  peculiar  way ;  and  I  was  led  from  the  phenomena 
which  they  presented  to  regard  the  species  as  being  a  peculiar  form 
of  Zabechia,  which  I  named  Z,  alveolariSf  without  giving  any  figure 
or  description  of  it  (Mon.  Brit  Stromatoporoids,  p.  83).  Such  sec- 
tions do,  in  fact,  show  a  curious  likeness  to  Lahechia,  and  particularly 
to  certain  specimens  of  Z.  conferta.  It  need  hardly  be  said,  however, 
that  an  examination  of  sections  of  a  well-preserved  example  of 
Desmidopora  alveolaria  leaves  us  in  no  doubt  as  to  the  systematic 
position  of  the  species. 

FortnatioH  and  Locality, — Bare  in  the  Wenlock  Limestone  of 
Dudley.  I  am  indebted  for  all  my  specimens  to  the  kindness  of 
Mr.  William  Madeley,  of  Dudley. 

EXPLANATION  OF  PLATE  VIII. 
Fig.  1.      Under  side  of  a  broken  specimen  of  Detmidaporm  aheolaritf  Nick.,  of  tlLe 

natural  dze,  showing  the  epitheca. 
„    2.      Part  of  the  surface  ot  the  same,  enlarged  six  timee.    In  the  portion 

figured  most  of  the  calices  are  confluent. 
„     3.      Another  part  of  the  surface  of  the  same,  enlarged  six  times.    In  this 

portion  of  the  surface  a  good  many  of  fiie  calices  are  definitely  circum- 
scribed. 
„     4.      Tangential  seotioo,  enlarged  six  times.    The  specimen  from  which  this  was 

taken  is  but  slightly  altered  by  mineralization. 
„     6.      Vertical  section  of  the  same  specimen,  enlai^ed  six  times. 
,,     6.      Part  of  the  preceding  section,  enlarged  twehre  times,  showing  mural  pores. 
,,     7.      Tangential  section  of  a  mineralized  specimen,  enlarged  twelre  times.    The 

appearances  presented  in  this  section  are  not  at  all  unlike  those 

exhibited  by  some  forms  of  Labeehia, 
„    8.      Vertical  section  of  the  preceding  specimen,  enlarged  twelre  times.    Here, 

again,  the  appearances  are  very  like  those  shown  by  yeiiioal  sections  ol 

£ab$chia  conferta,  Lonsd. 


Digitized  byVjOOQlC 


22.  2>.  Oldham — On  Homotaxis  and  Contemporaneity     293 

n. — Essays  on  Spboulativi!  Geology. 

1. — On  Homotaxis  and  Contemporaneity. 

By  R.  D.  Oldham,  A.E.S.M., 
<tf  the  Geological  Surrey  of  India. 

IN  any  inquiry  into  the  history  of  the  earth  as  a  whole,  we  are  met 
at  the  outset  by  a  serious  diffioulty.  In  human  affairs  a  general 
view  of  history,  not  confined  to  a  single  country,  would  be  practioally 
impossible,  were  we  ignorant  of  the  relations  of  the  Tarious  eras 
from  whioh  different  raoes  reckon  their  dates :  thus,  it  would  be 
impossible  to  write  a  connected  account  of  the  history  of  Europe  in 
the  classical  period  were  it  not  possible  to  determine  the  relation  of 
the  Olympian  era  to  that  dating  from  the  foundation  of  the  city  of 
Bome.  Tet  the  supposed  case  is  not  unlike  that  to  which  the 
geologist  addresses  himself  when  he  endeavours  to  make  a  connected 
survey  of  such  widely-separated  r^ons  as  Europe,  India,  Australia, 
and  America. 

In  the  supposed  case  of  the  Oreek  and  Roman  eras,  there  are 
numerous  points  of  contact,  principally  dates  of  battles,  which, 
having  been  recorded  by  both  nations  according  to  their  own  system, 
enable  us  to  compare  the  two,  and  so  to  determine  what  would  be  the 
date  of  any  event,  recorded  by  the  one,  had  it  been  recorded  by  the 
other.  But  in  geology  we  have  no  such  points  of  contact ;  there  is 
a  very  general  tendency  to  regard  any  two  series  of  beds,  in  which 
a  few  fossil  forms  specifically  identical  are  found,  as  of  contempora- 
neous origin.  That  this  view  is  erroneous,  and  that  it  would  be 
nearer  the  truth  to  say  that  two  widely-separated  beds,  in  which  the 
same  forms  are  found,  could  not  be  of  eontemporaneous  origin,  ¥ras 
long  ago  pointed  out  by  Forbes  and  Buxley,  the  word  Iwmotaaoit 
being  invented  by  the  latter  to  express  the  relation  existing.  More 
recently,  at  the  Montreal  meeting  of  the  British  Association,  Dr. 
Blanford  went  into  the  question  at  length,  and  fully  showed  how 
erroneous  is  the  assumption,  often  tacitly  made,  thi^  similarity  of 
included  organic  remains  indicates  contemporaneity  of  origin  of  the 
beds  in  which  they  are  preserved. 

Be  it  understood  that  I  am  in  no  way  desirous  of  depreciating  the 
value  of  palceontological  evidence ;  but,  for  the  purpose  of  what  may 
be  called  historical  geology,  the  merely  approximate  contemporaneity 
indicated  by  homotaxis,  however  peifect,  is  by  no  means  sufficient. 
What  we  desire  is  something  approaching  to  the  accuracy  of  dates  in 
written  history,  rather  than  that  vague  ''homotaxis"  indicated  by  the 
Stone  or  Bronze  ages,  with  which  we  have  to  be  satbfied  in  what  is 
known  as  the  Pre-Uistoric  period  of  human  history.  As  long  as  we 
are  dealing  only  with  the  history  of  a  single  limited  region,  no  serious 
difficulty  is  likely  to  arise ;  but  when  we  try  to  bring  the  history  of, 
say,  Australia  and  Europe,  into  relation  with  each  other,  a  doubt  may 
well  arise  as  to  whether  beds  which  would  be  classed  as  Lower  Car- 
boniferous if  they  occurred  in  Europe  can  be  really  considered  as 
of  that  age  when  measured  by  European  standards. 

This  is  a  question  that  palssontology  alone  can  never  answer 
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fiDally,  and  we  are  oonseqnently  oompelled  to  search  for  some  other 
evidenoe  which  will  enahle  us  to  say,  in  some  oases  at  any  rate,  that 
the  heds  are  or  are  not  strictly  contemporaneous  in  their  origin. 
One  possible  means  would  be  the  traces  left  by  a  period  of  cold 
similar  to  the  well-known  "  Glacial  period  "  of  Post-Tertiary  times. 
That  there  was  such  a  period  during  which  an  arctic  climate  pene- 
trated into  temperate  regions  has  been  amply  proved,  and  we  may, 
I  think,  safely  assume  that  this  ''  Glacial "  period  of  cold  was  con- 
temporaneous in  both  hemispheres ;  for,  whatever  may  have  been 
the  cause  of  the  colder  climate  which  prevailed  during  that  period, 
it  must  have  affected  both  hemispheres  in  the  same  manner  at  the 
same  time. 

I  am  not  overlooking  the  fact  that  the  most  probable  theory  of  the 
Glacial  period,  that  of  Dr.  Groll,  necessitates  the  glaoiation  of  one 
hemisphere  contemporaneously  with  the  prevalence  of  a  mild  climate 
in  the  other ;  but  if  we  take  the  Glacial  period  as  a  whole,  which 
includes  all  the  minor  glacial  and  interglacial  periods,  we  may  say 
that  the  Post-Tertiary  deposits  which  show  sigpis  of  a  colder  climate 
than  now  prevails  are  of  contemporaneous  origin,  wherever  they 
may  be  found.  By  this  I  must  not  be  understood  to  mean  that  any 
one  particular  bed  in  one  place  can  be  declared  to  be  contempora- 
neous with  a  definite  bed  anywhere  else,  but  that  the  series  as  a 
whole  were  of  contemporaneous  origin,  though  the  actual  limits  may 
not  have  been  the  same  in  both  cases. 

If  we  can  prove  that  similar  Glacial  epochs  have  occurred  during 
the  sedimentary  period,  using  the  term  to  denote  that  period  of  the 
Earth's  history  which  is  represented  by  the  sequence  of  sedimentary 
formations,  we  shall  have  an  important  check  on  the  palsaontological 
timepiece,  by  which  we  can  determine  whether  it  is  fast  or  slow.  To 
prove  this  it  will  not  be  sufficient  merely  to  point  out  that  evidences 
of  glacial  action  have  been  detected  by  various  observers  in  strata  of 
various  ages,  and  in  latitudes  lower  than  those  in  which  icebergs  are 
met  with  at  the  present  day ;  but  if  it  can  be  shown  that,  in  several 
widely -separated  regions,  and  in  strata  which  can  on  independent 
grounds  be  shown  to  be,  at  least,  approximately  homotaxial,  there 
are  to  be  found  extensive  indications  of  glacial  action,  which  are  not 
seen  in  the  beds  above  or  below,  we  may  safely  and  fairly  conclude 
that  they  all  belong  to  a  single  Glacial  epoch  comparable  to  that 
of  Post-Tertiary  times. 

For  this  purpose  I  shall  take  that  Glacial  period  represented  by 
the  Talohir  beds  of  India,  the  Ecca  beds  of  Africa,  and  oei*tain  beds 
in  Australia  likewise  of  glacial  origin.  I  choose  this  particular  in- 
stance because  the  details  are  more  familiar  to  me  than  any  other, 
and  moreover  I  shall  be  able  to  place  before  the  readers  of  this 
Magazine  some  recent  additions  to  our  knowledge  of  the  geology  of 
these  countries. 

It  must  be  well  known  that  there  have  been  serious  differences  of 
opinion  regarding  the  age  of  the  Indian  and  Australian  Coal-measures, 
and  that  this  difference  has  practically  been  between  the  field  geolo- 
gists on  the  one  hand  and  the  palsBobotanists  on  the  other.  The  former 
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iregarded  them  as  of  Carboniferous  age,  or,  at  the  latest,  representing 
the  interval  between  the  Palsdozoio  and  Mesozoic  eras  of  Europe, 
while  the  latter,  judging  only  from  the  plant  remains  found  with 
the  ooal,  declared  it  to  be  of  Mesozoio  and  even  of  Jurassic  age. 

As  regards  the  palsBontologioal  relations  of  these  beds  to  eaoh 
other,  and  to  the  plant-bearing  series  of  South  Africa,  the  subject  has 
been  so  thoroughly  treated  by  Dr.  Blanford  in  his  address  that  it 
will  be  needless  for  me  to  enter  into  a  repetition  of  the  subject.  I 
may,  however,  remark  that  both  in  India  and  South  Africa  there  is 
a  series  of  sedimentary  formations  which,  if  identity  of  fossils  were 
proof  of  contemporaneity,  would  have  to  be  regarded  as  of  contem- 
porary and  even  coeval  origin,  and  in  both  cases  there  are  at  the 
lower  limit  of  the  series  beds  whose  structure  proves  that  they  must 
have  been  deposited  through  the  agency  of  floating-ice.  In  Australia 
there  are  some  beds  (the  Bacchus  Marsh  beds  of  Victoria)  which 
similarly  show  that  there  must  have  been  ice  floating  in  large 
masses  on  the  sea  beneath  which  they  were  deposited  :  these  beds  have 
yielded  a  limited  flora  composed  of  three  species  of  Oangamopteris, 
of  which  one  is  identical  with  and  the  other  two  closely  allied  to 
Talchir  species. 

Thus  we  see  that  in  India,  in  South  Africa,  and  in  Australia 
there  are  beds  whose  nature  indicates  the  existence  of  ice  floating  at 
or  near  the  sea-level,  in  latitudes  which  it  does  not  now  resu^h,  and 
that,  as  judged  by  the  fossil  plants  contained  in  them  and  in  the  asso- 
ciated beds,  they  must  be  regarded  as  homotazial.  The  conclusion 
is  well-nigh  irresistible  that  they  all  belong  to  a  single  Glacial  epoch, 
and  are  consequently  strictly  contemporaneous  in  origin. 

So  far,  I  do  not  think  any  one  will  object  to  my  conclusions ;  they 
have  been  foreshadowed  by  Mr.  H.  F.  Blanford,^  and  as  far  as  India 
and  Australia  are  concerned  by  Dr.  Feistmantel,*  who  is  by  no  means 
disposed  to  underestimate  the  value  of  palsBobotanical  evidence,  even 
where  opposed  to  every  other  consideration ;  and  so  far  I  have  been 
able  to  accept  and  summarize  Mr.  Blanford's  address.  But  in  extend- 
ing the  same  line  of  reasoning,  and  in  trying  to  determine  even 
approximately  the  true  date  of  this  Qlaoial  period,  I  shall  have 
to  enter  on  more  disputable  ground,  and  to  refer  to  information 
acquired  since  Dr.  Blanford's  address  was  delivered. 

The  first  point  to  notice  is  that  the  Bacchus  Marsh  beds  of 
Victoria  are  not  the  only  instance  of  Glacial  boulder-beds  occurring 
in  Australia ;  for  in  New  South  Wales  traces  of  Glacial  action  are 
abundant  in  the  marine  beds  below  the  Goal-measures.  I  am  not 
aware  of  any  published  record  of  this  fact  previous  to  my  own  notice 
of  the  fact ' ;  but,  as  long  ago  as  1861,  the  lithologioal  resemblance, 
as  seen  in  a  collection  of  specimens  from  New  South  Wales,  between 
the  marine  beds  of  the  Wollongong  district  and  the  boulder-beds  of 

^  Quart.  Journ.  Oeol.  Soo.  Lond.  toI.  xxzL  p.  619. 

•  Proc.  GeoL  Sunr.  Ind. 

'  Proc.  Geol.  Surv.  India,  Tol.  xix.  p.  43  (1886).  The  substance  of  this  paper 
and  of  another  in  the  Joom.  As.  Soc.  Beng.  for  1884,  is  incorporated  in  the  present 
essay. 
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the  Talobin,  was  notioed  by  the  late  Dr.  T.  Oldham.^  That  any 
special  stress  should  have  been  laid  on  the  resemblance  was  not  to 
be  expected,  for  when  the  words  were  written  the  Glacial  origin  of 
the  Talchir  boulderobed  had  not  been  nniversally  acknowledged,  the 
very  idea  of  a  Glacial  epoch  was  still  strange,  and  no  one  had  yet 
dreamed  of  a  Palasozoic  Glacial  epoch,  still  less  of  using  sach  a  con- 
ception in  the  correlation  of  distant  deposits.  These  observations 
appear  to  have  dropped  completely  out  of  sight,  and  when  I  found 
that  in  Mr.  W.  T.  Blanford's  reply  to  Dr.  Feistmantel '  no  notice  was 
taken  of  this  resemblance,  although  Mr.  H.  F.  Blanford's  suggestion 
that  the  Gladal  beds  of  the  Permian  in  England  and  the  Talchirs  in 
India  were  contemporaneous  is  quoted,  I  concluded  that  private 
information  of  later  date  had  led  to  a  modification  of  the  views 
expressed  as  to  the  lithological  resemblance  of  the  beds. 

Nevertheless,  when  visiting  Australia  in  1885, 1  determined  to  pay 
special  attention  to  this  point,  and  was  not  surprised,  on  examining 
the  section  west  of  Newcastle,  to  find  that  the  msunne  beds  showed 
abundant  traces  of  Glacial  action.  Blocks  of  slate,  quartzite  and 
crystalline  rocks,  for  the  most  part  subangular,  are  found  scattered 
through  a  matrix  of  fine  sand  or  shale,  which  contain  delicate 
Fene$teUa  and  bivalve  shells  vdth  the  valves  still  united,  showing 
that  they  had  lived,  died  and  been  tranquilly  preserved  where  they 
are  now  found,  and  proving,  as  conclusively  as  the  matrix  in  whidh 
they  are  preserved,  that  they  could  never  have  been  exposed  to  any 
current  of  sufficient  force  and  rapidity  to  transport  the  blocks  of 
stone  now  found  lying  side  by  side  with  them.  These  included 
fragments  of  rock  are  of  all  sizes,  from  a  few  inches  to  several  feet 
in  diameter,  the  largest  I  saw  being  about  four  feet  across  in  every 
direction  as  exposed  in  the  cutting,  and  of  unknown  size  in  the  third 
dimension ;  and  I  was  informed  by  Mr.  Wilkinson  that  in  these  same 
beds  he  has  seen  boulders  of  slate,  eta»  whose  dimensions  may  be 
measured  in  yards. 

It  is  impossible  to  account  for  these  features  except  by  the  action 
of  ice  floating  in  large  masses,*  and  I  had  the  good  fortune  to  dis- 
cover, during  the  course  of  a  short  morning's  walk,  in  the  railway 
cutting  near  Branxton,  a  fragment  beautifully  smoothed  and  striated 
in  the  manner  characteristic  of  glacier  action,  besides  at  least  two 
others  which  showed  the  same  feature,  though  obscurely.  This 
seems  to  show  that  the  ice  was  of  the  nature  of  icebergs  broken  off 
from  a  glacier  which  descended  to  the  sea-level. 

Beds  of  similar  structure  and  indicating  a  similar  mode  of  origin 
are  also  found  at  WoUongong,  south  of  Sydney,  and  in  the  Blue 
Mountains,  lliough  these  have  not  been  traced  into  connection  with 
the  marine  beds  west  of  Newcastle,  the  similarity  of  their  position, 

^  Mem.  Geo!.  Snrr.  Ind.  toI.  iii.  p.  209  (1868). 

«  Rec.  G.  S.  I.  vol.  xi.  p.  148  (1878). 

*  Roughly  speakiDg,  it  may  be  said  to  take  26  cubic  feet  of  fresh-water  ice  floating 
in  sea- water  to  float  a  cubic  foot  of  granite,  or  14  cubic  yards  to  float  one  ton.  It 
must  be  remembered  that  many  of  these  fragments  probably  came  from  a  distance, 
and  that  the  ice  was  meltin?  aU  the  while.  These  figures  must  be  reduced  by  two- 
fifths  if  the  rock  is  supposed  to  be  immersed. 
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faana,  and  physioal  aspect,  all  leave  little  room  for  doubt  that  they 
are  of  the  same  age.  Beds  of  similar  aspeot  have  been  described  by 
Mr.  R.  L.  Jack,  in  Queensland.  These  beds — also  of  marine  origin, 
and  indicating  the  presence  of  ice  floating  in  the  sea  by  which  they 
were  deposited,^  contain  22  species  of  fossils,  so  far  as  the  fauna  is 
known,  of  which  15  are  also  found  in  the  marine  beds  of  New  South 
Wales,  and  only  seven  have  not  been  fotind  to  the  south. 

As  the  case  stands,  there  are  in  Australia  two  sets  of  beds,  both 
of  which  indicate  the  presence  of  floating-ice  in  the  water  in  which 
they  were  deposited.  One  of  these,  the  Bacchus  Marsh  group,  is 
shown  by  its  plant  fossils  to  be  homotaxial  with  the  Talchir  group 
of  India ;  the  other  has  yielded  a  marine  fauna  of  Lower  Carboniferous 
facies,  as  judged  by  European  standards,  and  a  limited  flora  which, 
however,  does  not  show  any  direct  relation  to  that  of  the  Bacchus 
Marsh  beds. 

I  am  not  aware  of  any  published  attempt  to  correlate  the  Bacchus 
Marsh  beds  with  a  definite  horizon  in  New  South  Wales  before  Dr. 
Feistmantel  in  1880  gave  it  as  his  opinion  that  they  were  the 
equivalents  of  the  Hawkesbury  Sandstones.  This  opinion,  so  far 
as  I  can  glean  from  his  published  writings,  was  based  on  the  so- 
called  Lower  Mesozoic  facies  of  the  Bacchus  Marsh  flora,  and  was 
supposed  to  be  confirmed  by  Mr.  C.  S.  Wilkinson's  discovery  of 
glacial  action  in  the  Hawkesbury  Sandstones.  Mr.  Wilkinson  thus 
describes  this  evidence  * — '*  In  the  sections  exposed  in  the  quarries 
at  Fort  Maoquarrie,  Woolloomooloo,  Flagstaff  Hill  and  other  places, 
may  be  seen  angular  boulders  of  shale  *  of  all  sizes  up  to  20  feet  in 
diameter,  imbedded  in  the  sandstone  in  a  most  confused  manner, 
some  of  them  standing  on  end  as  regards  their  stratification,  and 
others  inclined  at  all  angles.  They  contain  the  same  fossil  plants  | 
that  are  found  in  the  beds  of  shale  from  which  they  have  evidently 
been  derived.  These  angular  boulders  occur  nearly  always  imme- 
diately above  the  shale-beds,  and  are  mixed  with  very  rounded 
pebbles  of  quartz;  they  are  sometimes  slightly  curved  as  though 
they  had  been  bent  while  in  a  semiplastic  condition,  and  the  shale- 
beds  occasionally  terminate  abruptly  as  though  broken  offl" 

It  is  difficult,  if  not  impossible,  to  account  for  these  appearanoes, 
except  by  the  action  of  ice  in  some  form  or  other ;  the  angular  form 
of  the  fragments  of  shale  shows  that  in  some  manner  they  must 
have  been  indurated  before  disturbance,  and  it  is  impossible  to ' 
account  for  this  induration  of  what  must  then  have  been  recently' 
deposited  mud  except  by  the  freezing  of  the  interstitial  water.  This 
supposition  would  accord  with  the  general  nature  of  the  evidence, 
which  indicates  the  action  of  ground-ice,  such  as  is  formed  during 
the  severe  winters  of  North  America,  rather  than  the  presence  of 
large  masses  of  floating-ice  ;  and  hence  does  not  necessarily  indicate 
so  severe  a  climate  as  that  afforded  by  the  Bacchus  Marsh  beds  of 

1  Beport  on  the  Bowen  Riyer  Goal-field,  by  R.  L.  Jack,  Em.,  F.G.S.,  Brisbane,  1879. 
^  Notes  on  the  occurrence  of  a  remarkable  boulder  in  the  Hawkesbury  Bocks,  Trans. 
Bov.  Soc.  N.  S.  W.  xiii.  106  (1884). 
^  Which  is  interbedded  with  the  sandstones. 
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Yiotoria^  whiob,  aooording  to  the  late  Sir  B.  Daintree,  oontain 
"strata,  mainly  composed  of  fine  mad>  dotted  thoughout  with 
varione-sized,  generally  rounded,  pebbles,  and  those  pebbles  mostly 
unknown  in  the  vicinity,  and  some  not  yet  seen  in  place  so  far  as 
the  Geological  Survey  has  extended  a  minute  examination  ^ ; "  further 
on  he  says  that  <*  blocks  of  granite,  in  some  instances  over  a  ton 
in  weight,  are  found  imbedded  in  a  matrix  of  soft  mud*;"  and  in 
the  last  progress  report  by  the  Secretary  for  Mines  in  Victoria,  Mr. 
Murray  states,  on  the  authority  of  the  late  Sir  B.  Daintree,  that 
some  of  these  granite  boulders  resemble  no  granite  that  occurs  as 
a  rock-mass  nearer  than  Queensland.* 

This  contrast  in  the  nature  of  the  evidence  of  glacial  action  shows 
that,  if  this  form  of  argument  is  at  all  admissible,  it  is  with  the 
Lower  Carboniferous  marine,  rather  than  with  the  Hawkesbury 
glacial  beds  that  we  must  associate  those  of  Bacchus  Marsh. 

Nor  can  palaeontology  be  said  to  support  Dr.  Feistmantel's  hypo- 
thesis; for  Qangamopteriif  the  only  genus  of  plants  known  from 
the  Bacchus  Marsh  beds,  is  found  neither  in  the  plant-bearing  beds, 
interstratified  in  the  Lower  Carboniferous  marine  group,  nor  in  the 
Hawkesbury  group.  It  has,  however,  been  found  in  the  intervening 
Newcastle  group,  and  one  species  is  identical  with  a  Bacchus  Marsh 
form;  moreover,  the  only  other  species  of  Oangamopteris  in  the 
Newcastle  beds  is,  according  to  Dr.  Feistmantel,  closely  allied  to  one 
of  the  Bacchus  Marsh  species.  This  fossil  evidence  would  by  many 
be  regarded  as  sufficient  to  prove  the  contemporaneity  of  the  Bacchus 
Marsh  and  Newcastle  groups ;  but  the  beds  of  the  latter  show  no 
trace  of  glacial  action,  so  that  the  former  cannot  be  referred  to  that 
age  in  face  of  the  existence  of  evidence  of  glacial  action  in  the  beds 
above  and  below.  A  reference  to  Dr.  Blanford*s  address  will  show 
that  whereas  a  very  close  relationship  exists  between  the  floras  of 
the  Newcastle  and  Lower  Coal-measures,  there  is  next  to  none  between 
those  of  the  former  and  the  Hawkesbury  Sandstones ;  and  I  may  add 
that  the  stratigraphy  of  the  beds  appears  to  point  to  the  same  con- 
clusion as  the  paliBontology ;  so  that,  as  the  choice  lies  between  the 
I  two,  it  is  again  rather  with  the  Lower  Carboniferous  marine  than 
I  with  the  Hawkesbury  group  that  we  must  associate  the  Bacchus 
Marsh  beds. 

The  Bacchus  Marsh  beds  are  not  known  to  occur  in  conformable 
contact  with  any  other  group ;  but  there  is  a  large  tract  of  country 
covered  by  an  upper  group  of  the  same  series,  which  is  characterized 
by  the  occurrence  of  Taniopteris  Daintreei^  a  form  which  occurs  in 
New  South  Wales  in  the  beds  overlying  the  Hawkesbury  and  Wiana- 
matta  groups.  Owing  to  the  large  area  covered  by  more  recent  lava 
flows,  the  exact  relation  of  the  two  groups  is  unknown  ;  but  there  can 
be  little  doubt  that  they  are  unconformable,  for  the  Bacchus  Marsh 
beds  are  overlapped  by  the  Timiopieris  beds,  which  rest  unconform- 

^  Geological  Survey,  Beport  on  the  Geology  of  the  District  of  BaUan,  by  Eichard 
Daintree,  p.  10,  Melbourne,  1866. 

»  Ibid.,  p.  10. 

3  Geological  Siir?ey,  Progress  Beport  by  the  Secretary  for  Mines,  p.  80,  Melbourne, 
1881. 
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ably  on  the  older  Palsdozoios.  This  would  imply  a  greater  differenoe 
of  age  than  seems  to  obtain  between  the  Hawkesbury  and  overlying 
groups  in  New  South  Wales.  To  this  I  may  add  the  differenoe  in 
induration  of  the  two,  whioh  is  suoh  that  when  originally  surveyed^ 
the  Bacchus  Marsh  beds  were  believed  to  be  Devonian,  and  are 
ooloured  on  the  original  survey  sheets  as  Upper  Paladozoic. 

As  a  further  confirmation  of  the  opinion  ventured  on,  I  may  point 
to  the  relationship  that  exists  between  the  flora  of  the  Damudas 
which  overlie  the  Talchir  group  in  India,  and  that  of  the  Newcastle 
beds,  which  occupy  a  similar  position  above  the  Lower  Carboniferous 
marine  group  in  Australia. 

To  begin  with,  both  floras  are  marked  by  the  predominance  of  the 
genus  Qlo88opter%8,  whioh,  in  the  Newcastle  flora,  comprises  nine  out 
of  26  species,  or  35  per  cent,  of  the  total  number  of  species,  and  19 
species  out  of  63,  or  30  per  cent  of  the  total  number  of  species  in 
the  Damuda  flora ;  of  these,  one  species,  G.  broumiana,  is  identical 
in  both  cases,  and  Uiree  Newcastle  species,  O,  lineariSf  Q,  ampla,  and 
0.  parcUlela,  are  represented  by  the  allied  Damuda  species,  0. 
anguatifolia,  0.  eommunis,  and  G,  damudica.  The  genus  Fhylloiheca 
is  represented  in  both  floras,  and  the  Australian  form  is  allied  to, 
and  was  long  considered  identical  with,  the  P.  indiea  of  the  Damudas. 
Vertehraria  is  found  in  both  series,  and  is  only  known  elsewhere 
from  the  **  Jurassic  *'  beds  of  Siberia.  Sphenopteria  alata,  Brong.,  is 
another  species  represented  by  allied  forms  in  the  Damuda  flora,  and 
Qangamopteria  angustifoUa,  M'Coy,  is  common  to  the  two  floras. 
Besides  these  the  genus  Noeggeraihiopsis  is  represented  in  both  floras, 
so  that  we  have  in  all  six  genera  and  two  species  common  to  the 
two  floras,  besides  five  species  represented  by  allied  forms.  In  other 
words  two-thirds  of  the  genera  and  more  than  a  quarter  of  the  species 
of  the  Newcastle  flora  are  represented  in  that  ot  the  Damudas. 

Taking  all  these  points  into  consideration,  I  think  we  may  safely 
affirm  that  the  Talchirs  of  India,  the  Eoca  beds  of  South  Africa,  the  j 
Bacchus  Marsh  beds  in  Victoria,  and  the  Marine  beds  below  the  New- ; 
castle  Goal-measures  in  New  South  Wales,  were  all  deposited  con- '/ 
temporaneously,  and  that  during  their  deposition  there  prevailed  ( 
a  Glacial  epoch  comparable  to,  if  not  even  more  severe  than,  that  of  ^ 
the  Pleistocene  period. 

This  conclusion  brings  out  the  contradictory  nature  of  the  Pal»on- 
tological  evidence  even  more  strongly  than  it  was  possible  for  Dr. 
Blanford  to  do  in  his  address,  for  it  shows  that  the  coexistence  of 
a  Jurassio  flora  with  a  Carboniferous  fauna  was  no  mere  local  phe- 
nomenon, but  that  the  Jurassic  flora  had  established  itself  over  nearly 
half  a  hemisphere,  while  the  Carboniferous  MoUusca  were  still 
inhabiting  the  seas. 

In  the  face  of  this  contradiction,  it  may  be  allowable  to  doubt 
whether  either  form  of  palsdontological  evidence  can  be  regarded  as 
absolutely  trustworthy,  and  to  question  whether  the  beds  containing  ^ 
the  Lower  Carboniferous  marine  fauna  may  not  have  been  deposited  \ 
synchronously  with  the  deposition  of  the  Permian  Boulder-beds  of  , 
England,  and  with  certain  Boulder-beds  which  are  kno?ni  to  exist ' 
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in  North  Araerioa  at  about  the  same  horizon.  It  is,  however,  at 
present  impracticable  for  me  to  follow  up  this  question  for  want  of 
access  to  books  of  reference ;  but  this  is  of  comparatively  minor 
importance,  as  my  purpose  has  merely  been  to  show  that  there  have 
been  glacial  epochs  comparable  to  that  of  the  Post-Tertiary  period ; 
and  having  shown  that  such  a  glacial  epoch  did  at  one  time  affect 
a  large  portion  of  the  Earth's  surface,  it  becomes  easy  to  acknowledge 
that  similar  periods  of  cold  have  occurred  before  and  since,  and  that 
'  we  must  not  attempt  to  ascribe  every  occurrence  of  Glacial  beds  of 
Tertiary  or  Pre-Tertiary  age  to  some  merely  local  cause.  And 
having  acknowledged  this,  we  at  once  obtain  what  was  wanted,  a 
check  on  the  pals&ontological  timepiece,  a  time-signal  on  the  chrono- 
graph of  the  world. 

Note. — A  month  ago  I  would  have  appealed,  as  proof  positive  of 
the  contentions  stated  above,  to  the  discovery  in  the  Salt  Range  of 
the  Punjab  of  marine  fossils  identical  with  those  of  the  Australian 
Carboniferous  beds.  These  are  derived  from  beds  which  exhibit 
ample  proofs  of  glacial  action,  and  were  on  that  ground  assumed 
by  Dr.  Waagen  to  be  of  the  same  age  as  the  Talohirs,  which  he 
agreed  with  most  of  the  members  of  the  G^logical  Survey  in 
regarding  as  of  Palseozoic  age.  The  pebbles  in  which  the  fossils 
were  found  might  in  hand-specimens  be  taken  for  concretionary 
nodules,  and  an  imperfect  description  of  their  mode  of  occurrence 
would  support  this  idea ;  moreover  the  coincidence  of  the  fauna  and 
physical  conditions  with  those  of  the  Australian  beds  is  very  striking. 
There  was  every  temptation  for  me  to  accept  Dr.  Waagen's  con- 
clusions, bat  a  careful  examination  of  the  beds,  and  of  the  mode 
of  occurrence  of  the  fossils,  has  convinced  me  that  this  is  a  mere 
coincidence,  and  that  the  fossils,  which  occur  as  transported  pebbles, 
can  consequently  be  of  no  use  in  determining  the  homotaxis  of  the 
beds  from  which  they  are  derived.  The  stratigraphical  relations 
of  these  beds  are  such  as  to  associate  them  with  the  Nummulitics ; 
and  as  boulder  beds,  presumably  of  glacial  origin,  have  been  re- 
corded by  Mr.  Lydekker  as  conformably  underlying  the  Nummulitics 
of  Lad4k,  there  is  no  difficulty  in  finding  a  horizon  to  which  the 
beds  can  be  referred. 


IlL — Essays  on  Spboulativs  Gbology. 

2. — Pbobable  Changes  of  Latitude. 

By  E.  D.  Oldham,  A.R.S.M.  etc. 

Pabt  I. — Glacial  Pebiods  in  Low  Latitudes. 

IN  my  last  essay  I  had  occasion  to  refer  to  the  former  existence  of 
icebergs  in  localities  which  now  lie  in  latitudes  lower  than  those 
in  which  glacial  action  is  known  to  have  reached,  even  during  the 
last  Glacial  period.  But,  surprising  as  it  may  be  to  find  evidence  of 
glacial  action  within  a  few  degrees  of,  and,  as  in  the  case  of  the 
Bowen  Biver  Coal-field,  a  few  degrees  within,  the  tropics,  this  sinks 
into  insignificance  in  the  face  of  the  evidences  of  repeated  Glacial 
periods  that  may  be  found  in  Lidia,  and  especially  in  the  Himalayas. 
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In  Kashmir  Mr.  Lydekker  has  described  ^  a  group  of  beds  com- 
posed of  a  fine-grained  matrix,  through  whioh  are  scattered  boulders 
of  crystalline  rock ;  these  were  considered  to  be  of  glacial  origin, 
and  indeed  it  is  difficult  to  conceive  of  any  other  satisfactory  explana- 
tion. This  group,  the  Punjal  Conglomerates,  has  not  yet  been  iden- 
tified with  certainty  in  the  Simla  region  of  the  Lower  Himalayas ; 
but  there  is  a  group  of  beds  whose  position  and  appearance  render 
it  probable  that  they  are  of  the  same  age. 

Above  this  group,  which  may  represent  the  Punjal  Conglomerates 
of  Kashmir,  but  separated  from  them  by  a  considerable  though 
undetermined  thickness  of  beds  and  an  unconformity,  comes  the 
Blaini  group,'  which  is  so  unique  in  its  character,  and  so  constant 
over  a  large  area,  that  it  is  mo9t  important  in  unravelling  the  structure 
of  the  hills.  It  consists  of  a  band,  seldom  over  30  feet  thick,  of  thin- 
bedded  limestone  resting  on  a  ''conglomerate,"  the  matrix  being 
usually  a  fine-grained  slate,  through  which  pebbles  and  boulders  of 
slate  and  quartzite  are  scattered.  The  aspect  of  the  rock  is  decidedly 
glacial,  and  my  colleague  Mr.  0.  S.  Middlemiss  has  discovered  a 
pebble  scratched  in  a  manner  very  suggestive  of  ice  action. 

Tet  higher  in  the  series  there  is  the  Mandhali  group,  which,  though 
it  has  so  far  yielded  no  scratched  pebble,  is  even  more  conspicuously 
glacial  than  the  Blaini  Conglomerate ;  and,  yet  newer,  there  are  at  the 
base  of  a  quartzite  series,  provisionally  known  as  the  Bawars,  some 
beds  originally  composed  of  fine  sand,  through  which  rounded  frag- 
ments of  quartzite  sometimes  over  a  foot  in  diameter  are  scattered  ; 
these  beds  are  associated  with  a  very  coarse-grained  arkose,  itself 
indicative  of  a  more  severe  climate  than  now  prevaUs  in  these  lati- 
tudes, even  at  an  altitude  of  16,000  feet.  These  last  two  groups  have 
not  yet  been  proved  to  be  distinct ;  but  there  is  no  reason  for  doubting 
their  distinctness,  or  suspecting  their  identity. 

All  these  beds  are  conspicuously  of  subaqueous  origin,  and  if  we 
except  the  Bawar  beds— -which  have  so  far  been  identified  in  one 
locali^  only — too  widespread  in  their  distribution  and  too  constant 
in  their  characters  to  render  it  probable  that  they  are  of  other  than 
marine  origin.  There  are,  besides,  very  good  reasons,  which  it  is 
needless  to  enter  on  here,  for  supposing  that  all  the  sedimentary 
beds  of  the  Lower  Himalayas  are  of  marine  origin. 

In  the  Lower  Himalayas  no  pre-Tertiary  glacial  beds  of  later  date 
than  the  Bawars  have  yet  been  determined;  but  in  Ladak  Mr. 
Lydekker  has  described  a  group  of  beds  which  he  considers  of  glacial 
origin,  as  conformably  underlying  the  Nummulitics.' 

Leaving  the  Himalayas,  we  find  in  the  Salt  Range  proofs  of  glacial 
action  at  more  than  one  horizon.  The  newest  of  these  is  in  the 
"  Olive  group,"  whioh  was  originally  described  as  Cretaceous,  and 
lately,  on  the  strength  of  some  0>ntt/art<9,  identical  with  species 
found  in  Australia,  which  were  supposed  to  be  derived  from  con- 

*  Memoirs  Geological  Suirey  of  India,  vol.  xxii.  p.  247. 

'  First  described  bj  Mr.  H.  h,  Medlicott,  Memoirs  Geological  Sorrej  of  India, 
Yol.  iii.  pt.  2,  p.  30. 
>  Memoirs  Geological  Surrey  of  India,  yol.  zxiL  p.  104. 
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oretionary  nodules  formed  in  aitu,  has  been  declared  to  be  Carbon!- 
feroas  and  contemporaneous  with  the  Talchir  group  of  the  peninsula.' 
This  last  supposition  may  or  may  not  be  true ;  but,  as  I  have  already 
explained,  there  can  be  no  manner  of  doubt  that  the  fossils  occur  in 
transported  pebbles,  and  are  consequently  valueless  for  determining 
the  homotaxis  of  this  group.' 

Besides  the  Olive  group,  Mr.  Wynne  has  described  glacial  boulder 
beds  in  the  Speckled  and  Purple  Sandstone  groups  of  the  Salt  Bange,' 
and  in  the  Trans-Indus  extension  of  that  range  glacial  boulder  beda^ 
crop  out  from  below  a  limestone  of  Upper  Carboniferous  age. 

In  the  peninsula  we  know  of  but  a  single  group  of  glacial  beds, 
but  it  is  not  difficult  to  account  for  the  difference ;  for,  while  the 
extra-peninsular  area  has  yielded  an  extensive  and  fairly  complete 
series  of  marine  sedimentary  beds,  these  are  conspicuously  absent  in 
the  peninsular  area.  The  limestone  of  the  Vindhyan  series  and  the 
Talchir  group  of  the  Gbndwanas  may  be  of  marine  origin ;  but,  apart 
from  them,  the  rooks  of  the  peninsula,  where  not  of  volcanic  or  meta* 
morphic  origin,  are  almost  entirely  river  deposits ;  so  that  the  absence 
of  any  trace  of  more  than  a  single  glacial  period  is  more  than 
possiUy  due  to  their  records  having  been  destroyed. 

These  facts  are  in  themselves  sufficiently  striking  and  difficult  to 
reconcile  with  some  of  the  generally  accepted  hypotheses  of  geology, 
but  they  are  emphasized  by  a  detailed  examination  of  two  of  the 
instances.  To  take  the  Olive  group  of  the  Salt  Bange,  boulders  and 
pebbles  showing  glacial  strisd  are  abundant,  and  it  is  by  no  means 
nnusual  to  find  an  irregular-shaped  mass  of  hard  crystalline  rock 
with  one,  and  occasionally  more  than  one,  of  its  surfaces  ground  into 
a  flat  facet,  smoothed,  polished,  and  striated  with  nearly  parallel 
strisd. 

In  the  case  of  the  Talchir  boulder  bed  of  the  peninsnla,  it  has  been 
usual  to  ascribe  its  origin  to  winter  coast  ice;  but  the  flattened 
boulders  of  the  Olive  group  indicate  a  more  prolonged  wearing,  a 
greater  pressure  and  a  greater  constancy  of  direction  of  motion  than 
can  be  accounted  for  on  this  supposition.  We  are  consequently 
driven  to  the  hypothesis  that  they  have  been  ground  by  a  glacier 
which  descended  to  the  sea-level  and  gave  ofT  icebergs  there. 

Now  the  majority  of  these  boulders  consists  of  rocks  of  rec(^- 
nizably  peninsular  types,  not  a  few  are  of  a  very  highly  siliceous 
felsite  porphyry,  which  is  at  present  only  known  in  the  Bajputana 
Desert,  and  not  a  single  fragment  has  yet  been  found  which  can  be 
declared  to  be  derived  from  a  Himalayan  source.  Besides  this,  the 
pebble  band  from  which  the  (7o»tt/art(e  referred  to  above  were  obtained 
exhibits  certain  peculiarities  of  distribution,  which  indicate  that 
the  source  from  which  the  pebbles  were  derived  lay  to  the  south- 
wards.* 

*  Records  Geological  Survey  of  India,  vol.  xix.  p.  22. 
«  Ibid.  p.  127,  etteqml 

'  Memoirs  Geological  Survej  of  India,  yol.  xiy.  pp.  87,  93,  214,  etc 

*  Ibid.  vol.  xvil  p.  239. 

^  Becords  Geological  Survey  of  India,  vol.  zix.  p.  129, 
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The  boulder  bed  of  the  Olive  group  has  not  yet  yielded  any  fossils 
of  contemporaneous  origin,  but  it  appears  to  be  perfectly  conform- 
able to  beds  of  nndenial3ly  marine  origin,  and  every  argument  from 
analogy  is  in  favour  of  the  supposition  that  it  is  itself  either  of 
marine  or  estuarine  origin.  But,  as  I  have  shown  above,  the  land 
surface  of  whose  waste  it  is  composed  lay  to  the  south,  so  we  arrive 
at  the  rather  startling  conclusion  that  when  the  beds  of  the  Olive 
group  of  the  Salt  Eange  were  being  deposited,  there  were  glaciers 
iohieh  descended  to  the  sea-level  in  a  region  which  now  lies  within 
34  degrees  of  the  Equator. 

In  that  great  and  almost  unknown  tract  lying  between  the 
Aravalli  Mountains  and  the  Indus,  which  is  comprehensively 
entitled  **  Desert "  on  the  maps,  there  may  be  found  near  the  town 
of  Pokran,  in  N.  latitude  26^  55\  an  old  land-surface  showing 
glacial  groovings  and  strisa.  These  might  be  ascribed  to  the  action 
of  winter  coast  ice  formed  on  the  margin  of  a  lake  or  sea ;  but,  in  the 
boulder  beds  which  occur  in  the  neighbourhood,  and  are  without 
doubt  of  the  same  age  as  the  glaciated  land  surface,  there  may  be 
found  facetted  blocks  which,  like  those  of  the  Salt  Bange,  could  not 
be  ascribed  to  anything  but  glacier  action.  Moreover,  this  land- 
surface  is  covered  in  places  by  a  botilder  bed  with  a  hard  intensely 
tough  matrix,  differing  from  the  stratified  boulder  beds  of  the  neigh- 
bourhood in  much  the  same  manner  as  the  '*  till "  of  Scotland  differs 
from  the  marine  boulder-clays  of  the  Midland  Counties;  if  the 
hypothesis  that  the  toughness  of  the  former  is  due  to  its  being  a 
"  Grundmoraine  "  be  accepted,  it  follows  that  the  same  explanation 
will  account  for  the  toughness  of  the  boulder  beds  of  Pokran,  and 
we  have  yet  another  proof  of  the  existence  of  glaciers  on  this  old 
land-surface. 

The  boulder  beds  in  the  Desert  have  been  traced  for  sixty  miles 
north-east  of  Pokran  ;  in  the  vicinity  of  the  old  land-surface  the 
boulders  are  almost  exclusively  of  porphyry  and  syenite  derived  from 
it,  but  further  north  blocks  of  gneiss  of  the  peninsular  type  become 
common ;  and  in  N.  latitude  27®  SC,  East  longitude  72®  Sa,  there  is 
a  block  of  very  coarse-grained  granite,  of  which  10  feet  x  7^  feet 
X  3  feet  is  exposed  above  ground.  The  nearest  source  from  which 
this  block  could  have  been  derived  is  in  the  Aravallis  full  150 
miles  away.  The  age  of  these  boulder  beds  appears  to  be  the  same 
as  that  of  the  Talchirs;  the  reasons  for  this  conclusion  are  of  a 
purely  inferential  nature,  but  their  extent,  combined  with  the  dis- 
tance from  which  some  of  the  blocks  have  been  transported,  as  well 
as  their  position  on  the  western  margin  of  the  peninsular  area,  point 
to  the  conclusion  that  they  are  of  marine  origin  ;  so  that  here  again  we 
have  evidence  of  glaciers  having  descended  to  the  sea  in  a  district  now 
less  than  27  degrees  from  the  Equator. 

Part  II. — Obnibal  Oomsibbrations. 

It  has  long  been  known  that  there  were  ample  proofs  of  the  former 
existence  of  mild,  even  subtropical  climates  within  the  Arctic  circle ; 
but  the  continuity  of  thia  climate,  and  the  absence  of  any  signs  of 
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the  extreme  oold  which  now  prevails  in  that  region,  was  never  fully 
understood  till  it  was  described  and  emphasized  by  Baron  NordeuT 
skidld.  In  a  lecture  of  his  published  in  this  Maoazink,  after  review- 
ing the  evidence  of  the  fossil  flora  and  fauna,  he  remarks  on  the 
favourable  nature  of  the  country  for  geological  investigation,  on  the 
completeness  of  the  series  extending  one  may  say  from  the  Silurian 
to  the  Tertiary,  and  emphasizes  the  fact  that,  in  all  the  sections  he 
had  examined,  he  never  saw  a  boulder  '<  even  as  large  as  a  child's 
head  "  in  any  rock  of  Tertiary  age  or  older.^  Various  hypotheses 
have  been  propounded  to  account  for  these  warm  climates  in  the 
Arctic  regions  without  involving  a  shifting  of  the  earth's  polar  axis  ; 
the  most  ingenious  and  captivating  of  these  is  doubtless  Mr.  Wallace's 
modification  of  Dr.  Croll's  theory,  according  to  which  the  mild 
climates  of  the  polar  area  were  due  to  the  warming  effects  of  currents 
of  heated  water,  from  the  equatorial  regions,  which  have  been  cut  off 
by  a  gradual  development  of  the  continental  areas.  Looked  at  from 
the  polar  point  of  view,  this  hypothesis  was  legitimate  and  competent 
enough  to  account  for  the  facts  it  was  intended  to  explain ;  but  an 
hypothesis  is  only  acceptable  as  long  as  nothing  directly  incompatible 
with  it  is  known,  and  however  competent  the  hypothesis  may  be  to 
account  for  the  mild  climates  of  what  are  now  the  Arctic  regions,  it 
is  absolutely  incompatible  with  the  evidences  of  repeated  glaciation 
in  low  latitudes  which  I  have  referred  to  above. 

Mathematicians  forbid  us  to  explain  the  circumstances  by  a  shift- 
ing  of  the  axis  of  revolution  of  the  earth.  Whether  in  this  they  are 
right  or  wrong  is  immaterial,  for  it  seems  to  me  that  there  is  an 
equally  satisfactory  hypothesis  open  to  us.  Mr.  Fisher,  in  his 
"  Physics  of  the  Earth's  Crust,"  has  given  good  reasons  for  supposing 
that  there  is  a  fluid  or  semifluid  layer  intervening  between  the  solid 
core  and  the  solid  crust  of  the  earth, — in  other  words,  that  the  latter 
has  a  power  of  shifting  its  position  on  the  former ;  if  this  theory  be 
accepted,  it  is  quite  conceivable  that  the  portion  of  the  earth's  crust 
which  now  occupies  the  polar  circle  may  once  have  lain  under  the 
Equator  and  vice  versa  ;  indeed  I  find  in  Mr.  Fisher's '  book  an  asser- 
tion of  the  probability  of  this  shifting  of  the  polar  and  equatorial 
areas  based  on  reasons  quite  different  from  and  independent  of  those 
I  have  given  for  the  same  conclusion* 

The  known  facts  of  stratigraphical  geology,  more  especially  the 
existence  of  regions  which  can  be  proved  to  have  undergone  com- 
pression to  the  extent  of  two  or  more  times  their  present  dimensions, 
in  immediate  proximity  to  others  in  which  the  beds  have  suffered 
little  or  no  compression,  show  that  to  some  extent  this  shifting  of 
the  crust  of  the  earth  over  its  core  must  take  place,  and  almost  the 
only  argument  that  can  be  produced  against  an  extension  of  the  same 

^  Obol.  Mao.  1875,  p.  531,  and  1876,  p.  266.  I  cannot  help  oontraBting  this 
with  my  own  experience  in  the  Himalayas,  where  the  series  is  well  exposed  in 
numerous  deep  YuileyB,  where  there  is  an  extensive  series  of  beds  extending  from  even 
before  the  Suurian  to  the  Tertiaries,  and  where  evidences  of  pre- Tertiary  glacial 
action  met  me,  I  might  almost  say  at  every  turn. 

3  Physics  of  the  £arth*8  Crost^  p.  184.  But  earlier  still  see  *'  On  a  Possible  Cause 
of  Climatal  Changes,''  by  Dr.  John  fivans,  F.E.8.,  F.G.S.,  Qeol.  Mag.  1866,  p. 
171.— Edit. 
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reasoning  would  be  derived  firom  the  doctrine  of  permanenoe  of  oon« 
tinents.  It  is,  however,  by  no  means  inconceivable  that  the  two 
hypotheses  might  be  quite  consistent ;  were  the  dififerences  between 
the  continental  and  oceanic  areas  entirely  due  to  dififerences  in  the 
structure  of  the  crust,  the  latter  might  shift  its  position  relative  to 
the  core  to  any  extent  without  interfering  with  the  relative  positions 
and  forms  of  the  continental  and  oceanic  areas. 

But  is  this  doctrine  so  well  established  that  it  can  be  used  as  an 
argument  against  any  hypothesis  which  is  fairly  supported  by  known 
facts  ?  I  think  not  It  is  unnecessary  to  refer  to  ihe  fact  that  the 
''  Oceanic "  island  of  South  Georgia  has  been  found  to  consist  of 
clay-slate,'  and  not  of  volcanic  rocks,  as  ex  hypotkeei  it  should,  for 
there  are  certain  peculiarities,  in  the  palasontology  of  India  and 
South  Africa,  which  indicate  the  former  existence  of  direct  land  com- 
munication between  the  two  countries.  Tbis  was  first  pointed  out 
by  Mr.  H.  F.  Blanford,  whose  paper  is  somewhat  contemptuously 
dismissed  by  Mr.  Wallace  with  the  remark  that  « the  notion  that  a 
similarity  of  the  productions  of  widely  separated  continents  at  any 
past  epoch  is  only  to  be  explained  by  the  existence  of  a  direct  land 
connexion,  is  entirely  opposed  to  all  that  we  know  of  the  wide  and 
varying  distribution  of  all  types  at  dififerent  periods,  and  is  no  less 
opposed  to  what  is  now  known  of  the  general  permanency  of  the 
great  continental  and  oceanic  areas." '  This,  however,  implies  a  mis- 
conception of  the  nature  of  the  evidence,  which  is  £ar  from  being 
based  merely  on  a  ''similarity  of  the  productions'*  of  the  two 
countries.  There  are  in  Africa  two  distinct  floras  of  different  ages ; 
one  of  these,  that  of  the  Beaufort  beds,  has  a  flora  consisting  of  five 
distinct  species,  of  which  one  is  identical,  two  are  closely  allied  to, 
forms  fonnd  in  the  Damuda  beds  of  India,  and  if  we  accept  Dr. 
Feistmantel's '  opinion,  all  belong  to  Damuda  genera;  associated 
with  these  plants  is  an  extensive  and  peculiar  reptilian  fauna,  of 
which  the  most  prominent  genus  is  Dicynodon,  a  genus  at  present 
unknown  elsewhere  except  from  the  Pancbet  beds  which  overlie  the 
Damudas,  and  another  form,  Micropkolis  Stoweit  is  a  near  ally  of 
Brachiopa  latieepa  from  the  Eamthi  beds  of  Mangli.^ 

At  a  higher  horizon  in  South  Africa,  in  the  Uitenhage  formation, 
there  is  a  floi-a  consisting  of  12  distinct  forms,  all  generically  different 
from  any  of  the  Beaufort  species.  Of  these,  one  is  identical  with, 
four  are  closely  allied  to,  species  from  the  flora  of  the  Bajmahal  group 
in  India.  The  difference  between  the  flora  of  the  Bajmahal  group 
and  of  the  Danudas  is  almost  as  great  as  in  the  case  of  the  two  cor- 
responding African  groups,  for  there  are  only  three  species  in  the 
Bajmahal  flora  which  are  in  any  way  allied  to  any  of  the  Damuda 
plants.  We  have  then  a  dose  and  continuous  similarity  between  the 
fauna  and  flora  of  two  oountries  lasting  through  a  period  long  enough 
to  allow  of  a  complete  specific,  and  almost  complete  generic  change. 

A  similar  but  even  more  conclusive  argument  may  be  derived 

1  Nature,  March  27,  1884,  p.  609 ;  Gbol.  Mao.  Dec.  III.  Vol.  I.  p.  226  (1884). 
'  Island  Life,  p.  298.  >  Palieontographiea,  1878,  p.  114. 

«  Manual  of  the  Geology  of  India,  toL  i.  p.  123. 
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from  the  relations  of  the  Marine  Cretaceous  rocks  in  India  and  other 
parts  of  the  world.  Both  in  Southern  India  and  Southern  Africa 
there  are  marine  deposits  of  Cretaceous  age,  with  regard  to 
which  Dr.  W.  T.  Blanford  writes  in  the  Manual  of  the  Geology  of 
India  as  follows : — "  Before  quitting  the  subject  of  the  Trichinopoly 
Cretaceous  beds,  it  is  necessary  to  notice  the  very  remarkable  re- 
semblance between  a  portion  of  their  fauna  and  the  species  found  in 
certain  strata  in  Southern  Africa.  In  the  description  of  the  Gond- 
wana  system,  and  again  in  the  account  of  the  Upper  Jurassic  beds 
of  Cutch,  the  remarkable  affinities  between  Indian  fossil  plants  and 
animals,  and  the  forms  found  in  South  African  beds,  were  repeatedly 
*  noticed,  and  there  is  a  similar  connexion  between  the  Cretaceous 
formation  in  the  two  regions.  In  some  deposits  found  resting  upon 
Karoo  beds  on  the  coast  of  Natal,  out  of  35  species  of  MoUuaea  and 
Echinodermata  collected  and  specifically  identified,  22  are  identical 
with  forms  found  in  the  Cretaceous  beds  of  Southern  India,  the 

majority  being  Trichinopoly  species 

The  South  African  beds'  are  clearly  coast  or  shallow- water  deposits, 
like  those  of  India,  and  the  great  similarity  of  forms  certainly  sug- 
gests continuity  of  coast-line  between  the  two  regions,  and  thus 
supports  the  view  that  the  land  connection  between  South  Africa 
and  India,  already  shown  to  have  probably  existed  in  both  the  Lower 
and  Upper  Gondwana  periods,  and  of  which  important  indications 
are  afforded  by  the  Marine  Jurassic  beds,  was  continued  into  Cre- 
taceous times.  It  is  very  surprising  to  compare  the  Middle  Cre- 
taceous fauna  of  Southern  India  with  that  of  the  distant  beds  of 
Natal,  and  then  with  the  widely  differing  forms  found  in  beds  of 
the  same  age  in  Central  India  and  Southern  Arabia" ^ 

Speaking  of  the  latter  he  says,  "  Some  of  the  species  have  a  wide 
range  in  time  among  the  Cretaceous  rocks  of  Europe,  but  all  occur 
in  the  Upper  Greensand  (Cenomanian),  many  being  characteristic 
forms,  and  the  Cretaceous  rocks  of  the  Narbadda  valley  must  in 
consequence  closely  correspond  to  the  Utatur  group  of  Southern 
India.  It  is  curious  to  note  that,  so  far  as  is  known,  only  one  species, 
Pecten  (Vola)  quinquecostatuSy  is  common  to  both,  and  even  in  this 
case  the  identification  depends  upon  a  question  as  to  which  paleon- 
tologists are  not  thoroughly  agreed  .   .   . 

In  strange  contrast  with  the  wide  difference  between  the  known 
fauna  of  the  Bagh  beds  and  that  of  the  Southern  India  deposits 
is  the  similarity  between  the  fossil  remains  of  the  Narbadda 
valley  and  those  found  in  two  localities  on  the  south-east  coast 
of  Arabia.  The  oollections  examined  from  both  localities  are  small, 
and  were  obtained  in  each  case  during  a  short  visit ;  but  although 
the  united  Arabian  collections  only  comprise  13  species  and  the 
Bagh  12,  three  of  these  ....  are  common  to  the  two  countries. 
The  Cretaceous  beds  of  the  lower  Narbadda  valley  are  about 
750  miles  distant  from  those  of  Southern  India,  and  twice  as  far 
from  the  Arabian  localities.  The  marked  contrast  between  the 
fossil  faunas  in  the  one  case,  and  the  similarity  in  the  other, 
^  Zoe,  eit.  p  292. 
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tend  to  suggest  the  probability  that  a  land  barrier  interposed 
in  Middle  Oretaoeous  times  between  Soatbem  India  with  Assam  and 
Arakan  on  the  one  side  and  the  Western  Narbada  region  with  the 
south  coast  of  Arabia  on  the  other.  We  have  thus  another  argument 
presented  to  us  in  favour  of  the  Indian  peninsula  being  portion 
of  an  ancient  land-area ;  and  takiug  into  consideration  the  marked 
connexion  between  the  faunas  of  the  South  Indian  and  South  African 
Cretaceous  deposits,  c^nd  the  circumstance  that  both  appear  to  be  of 
littoral  origin,  it  is  probable  that  this  land-area  extended  to  Africa."  ^ 

These  facts  indicate  that  the  permanence  of  continents  is  a  hobby 
which  some  of  its  admirers  have  ridden  too  hard,  and  at  any  rate 
prove  that  it  cannot  be  used  to  stifle  a  plausible  hypothesis. 

Another  group  of  facts  which  are  in  favour  of  the  suggestion  I 
have  made  above  is  the  observational  evidence  in  favour  of  a  change 
of  latitude  in  some  of  the  principal  European  observatories.  In 
the  American  Journal  of  Science  for  March,  1885,  Professor  Asaph 
Hall  gives,  on  the  authority  of  S.  Fergola,  the  following  table  of 
latitudes  of  the  principal  observatories  of  Europe  and  America : — 

Washington  1846  38^  63'  39*-26 

do.  1863  S8''-78 

•  Paris  1826 48°  eC  13'-  0 

do.  1863  11'-  2 

Milan  1811  46"  27'  60"-  7 

do.  1871  69"-19 

Rome  1810  4^  63  64*-26 

do.  1866  64''-09 

Naples  1820  40°  61'  46"-63 

do.  1871  46"-41 

KSnigsberg  1820  64**  42'  60"-7l 

do.  1843  50^-66 

Greenwich  1838  61°  28^  38''-43 

do.  1846  88"-17 

do.  1866  87''-92 

Besides  this  there  are  the  Pulkowa  observations  which  give  the 
following  results : — 

Pulkowa        1843        69°  46'  18"-73  +  0"-013 

do.  1866        18^-66  ±  0"-014 

do.  1872        18"-60  +  0"-014 

I  am  aware  that  the  most  recent  investigations  of  the  Greenwich 
observations  by  the  present  Astronomer-Royal  have  shown  that  there 
is  no  proof  of  continuous  change  of  latitude ;  but  it  is  surely  some- 
thing more  than  a  coincidence  that  the  change  in  every  case  is  in 
the  same  direction ;  bad  the  change  been  due  merely  to  imperfect 
observation  or  the  vagaries  of  refraction,  it  would  hardly  have  ex- 
hibited these  strange  coincidences.  There  is,  however,  more  than 
one  way  of  explaining  these  slight  variations  of  latitude,  and,  seeing 
that  the  observations  extend  over  a  comparatively  short  period  of 
time,  it  would  not  do  to  attach  too  great  importance  to  them  in  this 
connexion. 

A  more  important  argument  is  to  be  derived  from  the  careful 
measurements  of  the  pyramids  of  Gizeh  which  have  been  made  by 

»  Zoe.  eit,  p.  297. 
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Mr.  Flinders  Petrie.  The  orientationB  of  the  sides  and  passages  of 
the  great  and  seoond  pyramids  vary  not  more  than  30"  from  eaoh 
other,  but  they  both  agree  in  varying  rather  than  5'  west  of  north ;  ^ 
it  is  inoonoeivable  that  this  close  approximation  of  the  orientation  of 
the  sides  and  passages  of  these  pyramids  should  be  due  to  accident, 
nor  is  it  conceivable  that  the  builders  would  deliberately  have 
introduced  a  variation  of  some  5'  west  of  north.  A  far  more  pro- 
bable explanation  is  that  owing  to  a  shifting  of  the  earth's  crust  on 
its  core,  or  of  the  axis  of  revolution,  there  has  been  a  variation  of 
that  amount  in  the  direction  true  north  since  the  pyramids  were  built 

Such,  briefly  stated,  are  the  conditions  of  the  problem.  We  have 
first  a  group  of  facts  inexplicable,  unless  we  grant  the  possibility  of 
a  shifting  of  the  earth's  crust  on  its  core,  or  of  the  axis  of  revolution 
of  the  earth ;  secondly  a  group  of  facts  inconsistent  with  the  only 
hypothesis  that  could  be  urged  against  the  first  supposition,  and 
thirdly  a  group  of  facts  directly  confirmatory  of  the  latter. 

In  conclusion  I  must  apologize  for  any  injustice  I  may  have — un- 
intentionally—  committed;  an  official  geologist  in  India  has  to 
contend  with  many  difficulties,  not  the  least  of  whidi  is  the  impossi- 
bility of  keeping  abreast  of  current  literature,  and  a  want  of  leisure 
for  pursuing  independent  investigations.  It  had  been  my  intention 
to  work  out  this  problem  more  thoroughly  during  the  current  year ; 
but  having  been  deputed  to  accompany  an  embassy  to  Tibet,  the 
opportunity  is  gone,  and  not  likely  to  recur  for  some  years.  I  am 
consequently  induced  to  put  my  notes  on  the  subject  together,  some- 
what hastily  I  confess,  as  it  has  been  my  good  fortune  to  meet  with 
a  number  of  factB  which  cannot  be  ignored  in  any  discussion  of  the 
problem  of  geological  climates,  many  of  them  having  either  never 
been  published  at  all,  or  only  in  a  form  not  generally  accessible  to 
European  geologists. 

IV. — On  the  Tunnbl  Section  neae  Honiton,  Devon. 
By  the  Eev.  W,  Do-wnbs,  B.A.,  F.G.S. 

THE  writer  has  for  some  time  hesitated  to  seek  in  the  pages  of  the 
Gbolooioal  Magazine  a  publication  of  his  experiences  upon 
the  above  subject.  He  fell  last  year  into  a  grievous  mistake  with 
regard  to  it,  and  suffered  that  mistake  to  be  published  in  the 
'*  Transactions  of  the  Devonshire  Association  for  the  Promotion  of 
Science,  Literature,  and  Art."  It  will  be  his  duty,  when  the  oppor- 
tunity comes  round  (as  shortly  it  will),  to  call  attention  to  that 
mistake  in  the  pages  of  the  same  periodical.  In  the  meantime  he 
thinks  that  the  subject,  and  even  the  mistake  associated  with  it,  may 
be  of  something  more  than  local  interest  At  least  the  recantation  of 
a  published  error  cannot  be  too  widely  circulated. 

The  tunnel  on  the  L.  &  S.  W.  Eailway  about  a  mile  east  of  the 
town  of  Honiton  pierces  a  hill  in  a  E.  and  W.  direction.  The  cut- 
ting on  the  W.  of  the  tunnel  exposes  the  Bed  Marl  of  the  Trias. 
That  on  the  E.  of  the  tunnel  exposes  some  black  or  grey  beds,  mostly 

^  The  Pyramids  and  Temples  of  Gizeh,  by  W,  M.  FlindezB  Petrie,  p.  12d. 
(London,  1883.) 


Digitized  byVjOOQlC 


JSev.  W.  Dotcnes — A  Section  near  Eoniton,  Devon.      309 

arenaceous,  which  are  now  to  be  discussed.  Both  the  Bed  Marl  and 
the  dark-coloured  arenaceous  beds  above  them  have  the  same  easterly 
dip  of  about  6°. 

About  a  mile  to  the  eastward  of  the  tunnel  is  a  north  and  south 
fault,  and  the  tunnel  beds  are  on  the  downthrow  side  of  it. 

Mr.  H.  B.  Woodward  and  Mr.  Ussher  had  in  the  work  "  Geology 
of  England  and  Wales,"  p.  237,  by  the  former,  expressed  an  opinion 
that  the  beds  E.  of  the  tunnel  were  Gault,  and  the  present  writer 
approached  the  subject  with  a  decided  predisposition  in  favour  of 
that  view.  He  did  not  perhaps  attach  Uie  weight  to  their  opinion 
that  he  ought  to  have  done,  for  he  had  somehow  arrived  at  the 
impression  that  their  opinion  was  but  a  conjecture,  and  did  not 
profess  to  be  more.  Nevertheless,  he  would  have  much  hesitated  to 
call  it  in  question,  were  it  not  that  a  piece  of  entirely  new  evidence 
was  presented  to  him. 

In  the  course  of  correspondence  with  the  railway  oflficials,  he  was 
informed  that  at  the  Engineer's  office  of  the  Bail  way  Company  there 
was  a  detailed  diagram  of  the  tunnel  on  a  large  scale.  He  went  to 
see  it,  and  was  brought  face  to  face  with  a  dilemma.  Either  the 
black  beds  were  Bhaetic,  or  the  diagram  was  wrong. 

Could  the  latter  be  wrong?  The  unknown  engineer  who  con- 
structed it  had  had  exceptional  facilities  for  accuracy.  Shafts  had 
been  sunk  at  frequent  intervals,  and  the  position,  thickness,  character, 
and  colour  of  every  bed  was  given  with  great  exactness.  Many 
thousands  of  pounds  had  depended  upon  the  general  accuracy  of  the 
section,  and  though  the  uppermost  beds  did  not  affect  the  tunnelling, 
it  was  but  reasonable  to  suppose  that  they  also  would  be  correctly 
given.  And  in  them  was  represented  an  unconformity  exactly  like 
that  which  exists  between  the  Trias  and  the  Greensand  in  all  the 
country  round  about,  the  Trias  (or  Bhcetic)  dipping  eastward,  the 
Greensand  above  it  being  horizontal. 

A  great  unconformity  in  the  midst  of  the  Cretaceous  series  was 
not  to  be  thought  of.  If  then  the  diagram  was  right,  the  lower  beds 
could  be  nothing  else  but  Bhsdtic.  And  such  the  present  writer  con- 
sidered them  to  be  until,  after  a  persevering  search  for  fossil  evidence, 
he  at  last  found  it ;  but  lo  I  the  fossils  were  Cretaceous ! 

They  were : — 

Inoo$ramui  eonantrioua  (Park.)  (abandant).  Mjftilm» 

TomaUUa  {Aotmon)  qfima  (Sow.)  TelUna. 

Peeten  quadrieostatua  (Sow.)  Exogyra, 

Modiola,  PeetuneuluB, 

The  above  occurred  in  a  black  marly  clay  bed  about  six  feet  thick, 
which  comes  in  the  middle  of  the  series. 

The  diagram,  which— tested  by  the  exposed  beds  at  the  base — 
must  be  accurate  in  the  main,  is  certainly  inaccurate  as  regards  the 
uppermost  beds.  As  before  remarked,  they  did  not  affect  the  tunnel- 
ling, and  were  perhaps  carelessly  added.  Perhaps  the  designer  was 
in  part  inspired  by  the  analogy  of  the  surrounding  country,  with 
whose  geology  he  was  presumably  to  some  extent  acquainted.  But 
as  his  very  name  is  unknown,  and  he  cannot  answer  for  himself,  it 
is  useless  to  discuss  his  responsibility  for  the  error. 
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But  independently  of  the  diagram,  there  was  a  certain  balance  of 
other  improbabilities  which  had  to  be  weighed.  It  was  improbable, 
as  urged  by  Mr.  Ussher,  that  the  Bhsdtio  beds  should  attain  so  great 
a  thinness, — about  160  feet  It  was  improbable,  as  urged  by  Mr. 
H.  B.  Woodward,  that  they  should  locally  assume  an  arenaceous 
character  (though,  as  already  mentioned,  the  beds  in  question  are  not 
arenaceous  throughout).  But  on  the  other  hand,  it  was  improbable 
that  the  marked  unconformity,  usual  between  the  Trias  and  the 
Oreensand,  should  be  absent  in  this  one  spot,  that  the  Trias  should 
have  in  this  particular  spot  no  proper  dip  whatever;  but  should 
acquire  just  about  its  normal  dip  abnormally  through  the  downthrow 
of  a  fault,  and  should  exactly  share  that  dip  with  Creta<)eous  beds 
above  it 

Again,  it  was  antecedently  most  improbable  that  Gault-like  rock 
should  reappear  in  this  locality.  At  Lyme  Eegis,  26  miles  to  the 
S.E.,  black  marl  with  lAma  parallela  occurs,  but  this  appears  to  be 
approaching  extinction  westward,  and  is  there  only  about  20  ft  thick. 
At  Uplyme,  Trinity  Hill,  Shute  Hill,  and  Dalwood  Down,  eminences 
in  a  straight  line  from  Lyme  Begis  to  Honiton  Tunnel,  along  the 
line  of  dip  no  Gault  is  found.  And  we  seek  for  it  equally  in  vain 
along  the  line  of  strike.  Yet  at  Honiton  tunnel  something  of  the 
nature  of  Gault  is  found. 

It  would  seem  that  to  connect  these  Honiton  beds  with  the  Lyme 
Begis  bed,  a  curved  line  must  be  drawn  southwards  and  passing  out 
to  sea.  Traces  of  dark  grey  beds, — all  however  arenaceous — are 
seen  in  the  cliff-section  at  Whitecliff  and  at  Seaton.  Further  out  to 
sea  there  might  once  have  been  an  areno-argillaceous  bed  connecting 
the  20  ft  bed  of  Lyme  Begis  with  the  6  ft  bed  of  like  character  at 
Honiton.  It  is  a  conjecture  with  at  least  some  probability  about  it 
But  when  we  compare  these  so-called  Gault  beds  of  the  West 
with  the  typical  Gault  of  Folkestone  (Quantum  mutatus  ab  illo!), 
what  have  they  in  common  ?  The  argillaceous  character  has  becii 
almost  entirely  supplanted  by  an  arenaceous  one.  The  fauna  has 
undergone  many  modifications.  Ztma  parallela  still  lingers  on  in 
the  attenuated  bed  at  Lyme  Begis,  but  has  not  yet  been  found  at 
Honiton,  where  the  semi-argillaceous  bed  is  still  more  attenuated. 
Even  the  colour  gets  washed  out  as  we  go  westward.  Clay  merges 
into  sand.  Black  merges  into  yellow.  In  a  word,  between  Upper 
Greensand  and  Gault  boundary  there  is  none  in  the  West  of  England. 
With  the  exception  of  the  unconformity  represented  in  the  upper 
beds  of  the  section,  the  diagram  in  the  possession  of  the  L.  &  S.  W. 
Bailway  is  no  doubt  mainly  correct  It  gives  the  following  thick- 
nesses to  the  several  beds : — 

Clay  with  Chert  passing  into  Cherty  Greensand,  bedded     ...    65  feet. 

Grey  Sand 81  „ 

Yellow  Sand      18  „ 

Varipated  Marly  Clay      6  „ 

Black  Sand       44  „ 

White  Sand       1  „ 

Greenish  Sandy  Clay       10  „ 

216  ft. 
BedMarL 
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There  are  thus  shown  to  be  215  feet  of  beds  of  various  kinds 
above  the  Bed  Marl,  but  it  is  difficult  in  the  absence  of  unconformity 
to  say  where  the  Trias  ends.  Probably  the  10  ft  of  "  greenish 
sandy  clay  "  belongs  to  the  Trias,  Similar  beds  occur  in  the  same 
position  in  the  same  locality.  The  geological  age  of  the  "white 
sand"  and  the  **  black  sand  "  is  "not  proven,"  but  probably  they  are 
Cretaceous,  though  there  is  no  visible  unconformity  to  show  it. 
The  "  variegated  marly  clay  "  is  certainly  Cretaceous,  as  proved  by 
the  fossils  quoted  above. 


V\ 


Mm,   X»^w«v»t  •  (o  f  c^ai^i^ 


1.  Bed  Marl.  6.    TeUow  Sand. 

2.  Greenish  Sandy  Clay.  6.    Grey  Sand. 

3.  Black  Sand.  7.    Chcnrty  Greensand. 

4.  Dark  grey  marl  and  black  clay.  8.    Clay,  with  chert. 

*  The  place  where  the  fossils  were  found. 


V. — On  the  Applioation  of  the  tbbu  Nkooomian. 
By  A.  J.  Jukbs-Brownb,  B.A.,  F.G.S. 

MUCH  confusion  and  difference  of  opinion  appears  to  exist  with 
regard  to  the  classification  and  nomenclature  of  the  strata 
which  form  the  lower  part  of  the  Cretaceous  system,  and  the  chief 
element  of  this  uncertainty  and  confusion  is  the  misconception  which 
prevails  respecting  the  proper  signification  and  application  of  the 
term  Neocomian.  The  object  of  the  present  paper  is  to  explain  the 
continental  usage  of  this  name,  and  by  showing  its  inapplicability 
to  any  of  our  English  strata,  to  prepare  the  way  for  a  more  satis- 
factory grouping  of  our  Cretaceous  rocks. 

For  many  years  English  geologists  were  content  with  the  nomen- 
clature employed  by  the  earlier  students  of  the  Cretaceous  system — 
Webster,  Murchison,  Mantell  and  Fitton.  In  1864,  however,  the 
French  term  Neocomian  was  introduced  by  Prof.  Judd,*  who  adopted 
it  for  the  Cretaceous  portion  of  the  Speeton  Clay,  and  Sir  Charles 
Lyell  subsequently  used  it  as  a  synonym  for  the  whole  Lower  Cre- 
taceous series  in  England  as  distinct  from  the  Upper  Cretaceous 
series  or  the  beds  lying  above  the  Lower  Greensand.  Consequently 
in  many  text-books  we  find  the  following  arrangement  of  the  Cre- 
taceous groups : — 

1  Quart  Joum.  GeoL  Soc.  toI.  zxir.  p.  218. 
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Scuihsrn  Area,  Northern  Jrem, 

[   Chalk  White  Clbdk. 

Upper  Cretaoeouf.      <   Upper  Greensand         \         |^  Chalk. 

Neocomian   or  (  I^^er  Greensaiid  M?^eN!^'^iSL 

Lower  Creteceona       |   WeaUdsa  Lower  Neooomian. 

Now  in  order  to  ascertain  whether  this  nse  of  the  name  Neooomian 
was  in  any  way  desirahle  or  justifiahle,  it  is  necessary  to  make  some 
inquiry  into  the  history  of  the  name  and  its  usual  acceptation  by  the 
majority  of  geologists  on  the  continent 

The  primary  groups  or  divisions  of  the  Lower  Cretaceous  series 
usually  recognized  in  France  and  Switzerland  are  those  proposed  by 
D'Orbigny,  namely  : — (1)  Neocomien;  (2)  Vrgonien;  and  (3)  Apiien, 
and  the  history  of  these  names  is  as  follows.  Previous  to  1835  the 
rocks  included  in  the  first  two  groups  were  known  as  the  *'  Jura- 
Cretac6e "  group,  and  in  that  year  Thurman  proposed  to  call  them 
Neocomien,  from  their  development  in  the  neighbourhood  of 
Neuchatel ;  this  name  was  adopted  by  Marcou  and  others,  but  it  is 
important  to  remember  that  this  Neocomien  series  did  not  include 
the  beds  now  known  as  Aptien ;  thus  we  find  Prof.  Marcou  in  his 
"  Lettres  sur  les  roches  du  Jura  "  writing  in  1856  of  Lower,  Middle, 
and  Upper  Neocomien,  but  the  summit  of  his  Upper  stage  is  the 
white  limestone  of  Neuchatel  (Urgonien), 

Meantime  D*Orbigny  had  been  making  his  palaeontological  investi- 
gations, and  had  in  1843  described  a  series  of  beds  lying  between  the 
Qault  and  what  was  then  called  "  Neooomian "  in  the  south-east  of 
France  ;  these  beds  he  proposed  to  call  Aptien  from  Apt  in  Yaucluse. 
The  relation  of  the  Neooomian  as  understood  by  Thurman  and 
Marcou  to  the  Aptien  and  Lower  Greensand  is  clearly  stated  by 
Marcou  in  his  first  letter  on  the  rocks  of  the  Jura  (p.  14)  thus,  "  It 
is  clear  in  fact  that  the  Lower  Greensand  of  England  is  in  no  way 
the  equivalent  of  the  Neooomian,  and  is  hardly  perhaps  to  be  corre- 
lated with  the  upper  part  of  the  Neooomian  .  .  .  The  blue  marls 
which  I  have  called  the  Mames  d'Hauterive,  and  which  contain  so 
many  fossils,  the  Calcaire  jaune  inferieur,  etc.,  that  is  to  say,  the 
Lower  and  Middle  Neooomian,  have  no  marine  representatives  in 
England." 

He  appends  a  table  showing  that  these  Neooomian  strata  are  the 
marine  representatives  of  the  English  Wealden,  with  possibly  the 
lowest  beds  of  the  Lower  Greensand,  and  he  recommends  the  adop- 
tion of  the  name  as  indicating  the  normal  marine  type  to  which  the 
freshwater  Wealden  is  an  exception. 

Marcou,  however,  does  not  look  with  favour  upon  D'Orbigny's 
name  of  Urgonien,  which  was  proposed  in  1850,  D'Orbigny  then 
suggesting  a  new  classification  for  the  whole  series,  separating  the 
upper  half  of  the  beds  called  Neocomian  by  Marcou  under  the  name 
of  Urgonien  (from  Orgon,  Bonches  des  Bhone),  and  thus  limiting 
the  name  Neocomian  to  the  lower  half  of  Marcou's  series,  that  is, 
from  the  horizon  of  the  yellow  stone  of  Neuchatel  downwards. 
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Lastly,  in  1864,  Prof.  Benevier.  of  Lausanne,  describeS 
beds,  which  had  previoasly  been  called  Lower  Aptien,  as  a  separate 
subdivision  under  the  name  of  Rhodanien,  and  in  1856  he  published 
a  brief  note  "  On  some  points  in  the  Geology  of  England,"  in  which 
he  announced  the  results  of  a  visit  he  had  made  to  England  for  the 
purpose  of  comparing  the  Swiss  and  English  beds.  The  results  are 
that  the  Lower  Greensand  is  not  the  equivalent  of  the  Neocomian, 
but  corresponds  exactly  with  the  Aptien,  and  that  the  fauna  of  the 
Atherfield  beds  of  the  Isle  of  Wight  has  the  strongest  analogy  with 
that  of  these  Lower  Aptien  or  Bhodanien  beds.  Maroou,  writing  in 
1858,  says  that  he  willingly  adopts  these  conclusions  and  opinions  of 
M.  Benevier.^ 

Meanwhile,  a  further  modification  had  been  proposed  by  MM. 
Goquand  and  Leymerie,  who  found  a  difficulty  in  separating  the 
TJrgonien  and  Aptien  groups  in  the  Pyrenean  district,  where  accord- 
ing  to  their  account  the  rocks  contain  a  mixture  of  the  fossils  which 
elsewhere  occur  in  the  TJrgonien  and  Aptien ;  they  therefore  proposed 
to  combine  these  two  groups,  calling  the  division  thus  formed  the 
Urgo-Aptien,  and  admitting  a  Neocomian  division  below.  This 
suggestion  has  been  adopted  by  Prof.  Benevier,  who  published  the 
following  arrangement  in  1874  (Tableau  des  Terrains  Sedimentaires) : 

{Aptien 
Bhodanien 
TJrgonien. 

Hanterivien 
Yalanginien. 

The  facts  upon  which  this  scheme  is  founded  require  confirmation, 
and  the  nomenclature  proposed  does  not  seem  to  have  found  much 
favour,  D'Orbigny's  names  being  still  generally  employed  by  French 
geologists. 

Having  now  explained  the  origin  of  this  nomenclature,  I  proceed 
to  give  the  succession  of  the  strata  in  question  at  some  of  the  typical 
localities. 

The  most  complete  sections  are  to  be  found  in  the  S.E.  of  France 
(Departments  of  Vaucluse,  Drome  and  Isere),  where  the  succession 
is  as  follows,  aocording  to  MM.  Comnel  and  Lory. 

/  Oreeniflh  sanditones. 
A^M^  )  Marls  with  BeUmnitM  §$mietmalieutm,  Ammanitu  niiua^  Martini  and 
^l^^'i     JMcoBtatu,. 

V  Il!arl8  with  OrbitoUtes  and  other  fossils. 

{Limestone  with  Caprotina  (Beqnienia)  LonsdaUi. 
Marls  with  OrbitoliUs  and  Beterast^r  obUmgut, 
Lmlestone  with  Caprotina  (Requienia)  ammonia, 

"Marls  with  Toxatter  etrnpUnatM. 
Marly  limestones  with  Ancyloceras  DwMtlii, 
Glanconitic  limestones  with  £^»  dilaiatw. 
Red  limestone  with  Ottrea  Oouloni  and  Fygurm  rostratua. 
Limestone  of  Fontanil. 
Marls  with  £sl,  latut  and  Am,  mocomismit. 
Argillaceous  limestones  with  Am,  attierianut, 
Ximestones  with  Ter$bratula  diphycidea, 

'  Snr  le  Neocomien  dans  le  Jnra,  Zurich,  1858,  p.  63. 


Neocomien 


Neocomien. 
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The  basement  beds  are  only  found  at  and  south  of  Chambery, 
while  north  of  that  plaoe  the  Calcaire  de  Fontanil  is  the  lowest  bed, 
resting  on  Coral  Bag.  M.  Lory  remarks  that  all  the  limestones 
thicken  northward  toward  Savoy  and  the  Jura,  while  the  marls  in- 
crease to  the  southward,  and  Prof.  Hubert  ^  states  that  the  argillaceous 
hydraulic  limestones  with  Ammonites  Astierianus  attain  a  thickness 
of  500  metres  (1600  feet)  near  Chambery,  the  aggregate  of  the  rest 
of  the  Neocomian  above  these  limestones  having  an  equal  thickness, 
so  that  the  total  depth  of  this  division  here  is  at  least  3300  feet. 
There  is  some  doubt  whether  the  lithographic  limestones  with  Ter. 
diphya  (janitor),  which  underlie  those  with  T.  diphyoides,  should 
not  also  be  classed  as  Neocomian.  Eenevier  refers  them  to  the 
Portlandian,  but  H6bert  places  them  in  the  Neocomian  (thickness 
350  feet).  Near  Grenoble  the  Urgonien  is  said  to  be  900  metres 
(nearly  3000  feet)  thick,  but  nowhere  else  does  it  reach  more  than 
1300  feet  The  Aptien  is  about  60  feet  thick  at  Grenoble,  but  at 
Bedoule  it  is  as  much  as  650  feet,  and  in  the  Gard  about  300  feet' 
At  Perte  du  Ehone,  farther  north,  the  section  is  given  as  follows  by 
Prof.  Renevier : — 

Greensand  with  Ammonitet  nuunmillarit, 

{Hard  greenish  sandstone,  with  FUoaUUa  pUemea  and  Am, 
s.^r:ttirorfo«iu. 
Greenish  sandstone  with  Ostrea  tiquila, 
r  Marly  sandstones  including  a  thin  layer  full  of  OrbiiolHes  Imti" 
eulata  (33  feet). 
Clays  without  fossils  (10  feet). 
Ehodani^  56  feet.  <  Marls  with  B$teraster  cbUmgu$,  Trigonia  and  Aporrhait  Robi- 
naidina,  etc. 
Red  Limestone  with  Eeteroiter  obUmguSy  Fl&rocera  peiagi,  and 
^     Caprotina  Lonsdalei, 

i  White  friahle  limestones  and  ^y  compact  limestones  in 
alternating  heds,  and  containing  Caprotma  {Bequienia) 
amtnonia :  hase  not  seen. 

By  Pictet  and  Oampiche  the  beds  are  difTerently  grouped ;  they 
place  the  red  limestone  in  the  Urgonien,  and  class  the  overlying 
marls  and  clays  as  Lower  Aptien,  the  Upper  Aptien  here  being  very 
thin.  Sandy  limestones  with  fossils  of  true  Neooomian  species  occur 
at  a  lower  horizon,  the  above  section  only  extending  as  far  as  the 
confluence  of  the  Ehone  and  Yalserine. 

In  the  Jura  and  near  Neuchatel  the  succession  is  given  as  follows, 
the  thicknesses  of  the  lower  beds  being  those  given  by  Marcou : — 

Aptien  and     (  Greensands  of  Presta  with  Flicaluia  plaeuMa. 
Knodanien.    ]  Yellow  marl  with  HeUratter  obUmgu$  and  Orbitolite$, 

Ui^onien,       (  White  limestone  with  Requimia  ammonia, 
160  feet.       (  Yellow  limestone  with  Oiniopygtu  peUatm, 

/  Yellow  stone  of  Neuchatel. 
Neocomien,    i  Marls  of  Hauteriye  with  Am.  radiatut. 
260  feet.       j  Limonite  de  Metabief  with  Pygurut  rostratm. 

\  Limestone  of  Auberson  with  Toxatter  Campiehei, 

^  Bull.  Soc.  Geol.  de  Frtnce.  ser.  2,  toI.  28,  p.  142. 

s  For  this  and  other  information  I  am  indebted  to  Dr.  Ch.  Barrois. 
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The  two  lowest  Neocomian  groups  have  been  termed  by  some 
Valenginien  and  the  two  upper  Hauterivien;  the  lowest  rests  on 
beds  of  Purbeck  age,  oontaining  Planorbis  Loryi,  and  other  freshwater 
shells. 

Dr.  Barrels  informs  me  that  the  total  thickness  of  the  three 
divisions  in  the  Jura  is  from  200  to  800  metres  (650  to  990  feet). 

In  the  north  of  France  there  is  only  one  locality  where  anything 
like  a  complete  section  of  the  series  is  foand,  and  this  is  at  Yassy  in 
the  north-eastern  department  of  Haute-Marne.  The  succession  here 
as  described  by  M.  Comuel  is  as  follows  : — 

Oreensand  with  0»trea  ardumnenaii  (?  base  of  Gault),  28  feet. 

'  Sand  and  Sandstone  with  Oatrea  aquila  and  O,  arduennensU, 
Plicatola  clays — in  three  divisions,  the  middle  oontaining  ^m«fiMt^ 
i^ptien.  fiwwf  and  JUsieostatua,  the  lower  Otirea  aquila  and  2Vr.  iella, 

97  feet.  besides  PUeatula  ptacunea. 

Bed  marl  with  OrlntoUtes  lentieulaia,  Heteraster  obUmgua  and  other 
^        fossils. 

{Oolitic  ironstone  and  ferruginous  sandstone,  with  TTnio  and  fresh- 
water fossils. 
Mottled  clays  and  sands  (freshwater). 
Clay  with  Oatrea  Leymtrii, 

!  Yellow  marly  clay. 
Ferruginous  sands  and  ironstone. 
Bark  marly  elay. 

Prof.  Hebert  prefers  to  group  the  Oyster-day  as  Neocomien,  and 
to  place  the  red  marl  at  the  top  of  the  IJrgonien,  commencing  the 
Aptien  with  the  Plicatula-days. 

In  passing  westward  from  the  Haute  Mame,  the  Neocomien  and 
Urgonien  beds  appear  to  thin  out,  and  are  overlapped  by  the  Aptien, 
which  in  Ardennes  is  reduced  to  a  few  feet  of  glauconitic  clay  with 
marly  ironstone  at  the  base  containing  fossils  and  pebbles  derived 
from  Palsdozoic  rocks  like  the  **  pebble  beds "  of  Gk>dalming  and 
Faringdon  (Barrois,  Terr.  Cret.  des  Ardennes,  pp.  262.  263). 

It  is  interesting  to  notice  that  in  the  Vassy  section  the  marine 
Neocomian  beds  are  succeeded  by  a  group  the  greater  part  of  which 
consists  of  freshwater  beds  resembling  our  Wealden  strata.  More- 
over, the  fauna  of  the  overlying  red  bed  has  been  identified  by 
Kenevier  as  that  of  his  Hhodanien,  and  he  finds  the  same  fossils  in 
the  Atherfield  beds  of  the  Isle  of  Wight ;  here  therefore  we  seem 
to  have  a  basis  of  correlation,  and  it  becomes  important  to  decide 
whether  this  Hhodanien  horizon  should  be  grouped  with  the  Urgonien 
or  the  Aptien,  for  it  is  nowhere  of  sufficient  stratigraphical  impor- 
tance to  rank  as  a  separate  primary  division. 

Two  of  the  best  modem  authorities  on  the  Cretaceous  rocks  of 
France,  namely.  Prof.  Hubert  and  Dr.  Ch.  Barrois,  agree  in  placing 
the  "  couche  rouge  de  Vassy  "  in  the  Urgonien,  but  ^e  difference  of 
opinion  which  exists  on  this  point  may  be  held  to  prove  that  the 
Bhodanien  is  really  a  passage  group,  and  that  no  very  decided  line 
can  be  drawn  between  the  Aptien  and  Urgonien  divisions  of  the 
continental  series. 
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It  18  now  time  to  examine  the  Buooession  exhibited  in  oar  Bonthem 
oounties,  where,  as  is  well  known,  the  aeries  oonsists  of  a  thick  mass 
of  freshwater  strata  (Wealden  beds),  overlain  by  marine  days  and 
sands  which  are  known  under  the  name  of  Lower  Greensand.  These 
marine  beds  are  everywhere  divisible  into  three  stages,  the  fossils  of 
which  are  to  a  certain  degree  diiOferent  In  the  W^den  area  there, 
are: — 

3.  Folkestone  and  Sandgate  beds,  with  Bhynchmella  Gibbmif  BL 
Bvlcata,  Thetis  Sowerbyi,  Corhulu  elegane,  etc.  (150  feet). 

2.  Hythe  beds,  with  Plicatula  plactmea,  Exogyra  stnuato,  AmmO' 
nites  Martini,  Am.fureatus,  AncylooercL$  gigaa,  A.  Hillaii  (200  feet). 

1.  Atherfield  Clay,  with  Trigania  eaudata,  Tr.  dadalea,  Pema 
Mulletif  HolocyntiB  elegane,  etc  (90  feet). 

In  the  Isle  of  Wight  the  corresponding  series  is  very  much  thicker, 
but  may  be  divided  as  below : — 

3.  Shanklin  Sand,  sands  and  days  down  to  the  sand  with  ferru- 
ginous concretions  (256  feet). 

2.  Walpen  Sands  and  Crioceras  beds,  with  Am.  Martini,  Aneylo- 
eerae  gigas.  An.  EiUsii,  Exogyra  sinuata,  and  Ter.  sella  (400  feet). 

1.  Atherfield  Beds,  with  Trigonia  eaudata,  T.  dadalea,  Pema 
Mulleii,  Corbis  corrugata,  and  Aporrhais  Bohinaldina  (150  feet). 

Now  as  the  Atherfield  Clay  is  certainly  not  older  than  the  Bhoda- 
nien  of  Benevier,  there  can  be  little  doubt  that  the  two  higher  groups 
form  an  expanded  equivalent  of  the  French  and  Swiss  Aptien.  The 
Urgonian  facies  of  the  Atherfield  fauna  was  recognized  long  ago 
by  M.  Comuel,  but  he  remarks  in  1874  that  "  no  dear  separation 
between  the  Neocomien  {i.e.  Urgonien)  and  Aptien  can  be  traced  in 
the  Isle  of  Wight,  on  account  of  the  mixed  assemblage  that  occurs 
in  the  Crackers,  which  form  a  passage  from  one  to  the  other.''  ^  Ife 
is  evident  therefore  that  here,  as  in  the  south  of  France,  there  is  a 
complete  passage  between  the  representatives  of  the  Urgonien  and 
the  Aptien. 

It  is  only  necessary  to  add  that  the  lower  marine  beds  have  a 
limited  extension,  and  that  the  uppermost  beds  (Shanklin  sands) 
overlap  them  and  spread  northward  over  the  Jurassic  rocks,  all  the 
so-called  Lower  Greensand  of  our  midland  counties  belonging  to 
this  group,  the  range  of  which  is  probably  continuous  beneath  the 
Gault  as  far  as  Noriblk,  where  they  pass  into  the  upper  beds  of  the 
northern  Cretaceous  area. 

In  Lincolnshire  and  Yorkshire  beds  older  than  the  Aptien  once 
more  make  their  appearance,  and  in  this  area  we  appear  to  have  a 
much  more  complete  marine  series  than  that  of  the  southern  counties. 
The  Yorkshire  succession  has  been  well  described  by  Prof.  Judd 
some  twenty  years  ago,  and  descriptions  of  the  Lincolnshire  beds 
will  shortly  appear  in  the  Memoirs  of  the  Geological  Survey.  The 
grouping  adopted  by  Prof.  Judd,  however,  does  not  appear  to  be 
entirely  satisfactory,  and  his  correlations  with  Neocomien,  Urgonien, 
and  Aptien  have  not  been  accepted  by  French  authorities,  so  that  1 

^  Bull.  Soc.  Geol.  de  France,  1874,  p.  390. 
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feel  justified  in  sabjeoting  them  to  some  slight  criticism.  First, 
therefore,  as  to  the  grouping  of  the  zones ;  there  does  not  seem  any 
very  good  reason  why  the  zone  of  Ammonitea  ipeetorwMts  should  be 
classed  with  the  lower  zones  rather  than  with  the  middle  group. 
Prof.  Jndd  identified  twenty-six  species  from  this  zone,  and  of  these 
only  eight  occur  in  the  zone  of  Am,  noricus,  while  thirteen  species 
(50  per  cent)  range  up  into  the  Pecten  einctma  beds  :  again  in  Lincoln- 
shire the  only  determinable  Ammonites  obtained  from  the  clays 
overlying  the  Teal  by  ironstones  with  Pecten  oinctus  were  the  varieties 
of  Am.  speetonensis  (coneinnus  and  venusttis),  I  am  inclined,  there- 
fore, to  think  that  a  part  at  any  rate  of  Prof  Judd's  speetonensii  zone 
should  be  grouped  with  his  Middle  division  rather  than  with  the 
Lower.  The  norieua  zone  does  not  appear  to  have  any  equivalent 
in  Lincolnshire,  and  it  is  quite  possible  that  the  masses  of  clay 
which  form  the  nortcua  and  speetonensia  zones  in  Yorkshire  did  not 
extend  into  Lincolnshire,  no  contemporaneous  deposits  being  formed 
in  the  latter  area. 

In  the  next  place  it  does  not  appear  to  me  so  very  clear  that  the 
fauna  of  the  Upper  division  has  a  closer  analogy  with  that  of  the 
Atherfield  Clay  than  that  of  the  Middle  division  has.  There  is  no 
very  marked  correspondence  between  any  part  of  the  northern  and 
southern  series,  the  areas  in  which  they  were  deposited  were  evi- 
dently to  a  great  extent  separated  from  one  another,  many  species 
common  in  the  one  area  do  not  occur  in  the  other,  and  the  time 
range  of  some  of  those  species  which  do  occur  in  both  series  appears 
to  be  different,  thus  Pema  MuUeii  is  abundant  in  the  Atherfield  day 
of  the  south,  while  in  Yorkshire  it  is  only  quoted  from  the  Upper 
division.  It  occurs,  however,  in  the  middle  clays  of  Donington  in 
Lincolnshire,  and  it  is  these  clays  both  in  Yorkshire  that  I  am 
inclined  to  regard  as  the  homotaxial  equivalents  of  the  Atherfield 
Beds,  the  abundance  of  Meyeria  (though  the  species  are  different) 
and  of  Exogyra  ainuata  are  features  in  common. 

If  these  views  be  accepted,  the  Yorkshire  and  Linoolnshire  series 
can  be  brought  into  greater  harmony,  and  both  may  be  correlated 
with  the  southern  type  as  follows : — 

Torkihire,  Zineolnshire,  Itle  of  Wight. 


250  feet 
100  feet 


Pecten  ductus  beds    \  Doning^n    Clay  \  Walpen  Sands,  etc. 

Ancyloceras  beds        ]  and  Tealby  Bedls  t  Atherfield  Clay. 

SpeetonensiB  sone      \  Tir««*;„«  f  Part  of  ^e  Wwdden 

Zoneof  Am.noricM  f   ^*i»«ing  .    .    .  |       ^^ 


[   Zone  of  Am.  Astierianus  Spilsby  Sands 

Unconformity  —  Hastings  Sands. 

This  view  finds  support  in  the  opinion  expressed  by  M.  Coquand,' 
that  the  only  part  of  the  Speeton  Clay  series  which  can  be  correlated 
with  the  Neocomien  of  the  south  of  France  is  the  zone  of  Am.  aatteri- 
anua,  and  that  all  above  it  must  be  referred  to  the  Urgonien  and 
Aptien  divisions.     The  zone  of  Am.  aatierianua  is  acknowledged  by 

^  BulL  Soc.  Geol.  de  France,  2nd  ser.  yoL  26,  p.  211. 
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all  anthorities  to  be  homotaxial  with  the  HanteriTien  marls  and 
Spatangus  limestones,  and  the  oldest  Neocomian  rocks  which  under- 
lie these  are  not  therefore  represented  in  the  Yorkshire  area.  I  see 
no  reason  however  why  the  zone  of  Am,  norieuB  should  be  excluded 
from  the  Neocomian,  since  that  Ammonite  is  probably  only  a  variety 
of  Am.  neoeomiensis. 

Coming  now  to  the  question  of  general  nomenclature,  I  cannot 
but  think  that  Prof.  Judd's  proposal  to  apply  the  name  Neocomian 
to  the  whole  Lower  Cretaceous  series  was  a  very  unfortunate  one. 
It  would  appear  that  at  the  time  of  writing  his  paper  on  the  SpcQton 
Clay,  Prof.  Judd  was  under  the  impression  that  this  series  had  a 
claim  to  be  regarded  as  a  distinct  system,  both  on  stratigraphical 
and  palaaontological  grounds ;  ^  now  if  subsequent  investigation  had 
confirmed  this  belief,  and  had  led  to  the  establishment  of  a  Neocomian 
system  distinct  from  the  Cretaceous  system,  but  of  equal  palaoonto- 
logical  importance  with  the  other  systems  which  are  recognized 
in  geology,  no  objection  could  now  be  taken.  But  this  is  not  the 
case:  the  thickness  of  the  Neocomien,  Urgonien,  and  Aptien  rocks 
in  the  south  of  France  appears  to  be  very  great  (from  1000  to  6000 
feet),  but  the  mere  thickness  of  a  group  of  strata  does  not  justify 
the  creation  of  a  new  system  unless  they  contain  a  sufficiently 
distinct  assemblage  of  fossils,  and  in  this  case  the  fauna  is  neither  so 
large  and  varied  or  so  peculiar  as  to  entitle  them  to  be  separated  from 
the  Cretaceous  system :  they  are  regarded  by  all  who  have  studied 
them  as  forming  the  lower  portion  of  this  system,  just  as  the  Grault 
and  Chalk  form  the  upper  portion  of  it,  and  their  separation  would 
be  no  more  justifiable  than  that  of  the  Lias  from  the  Jurassic  system. 

This  being  so,  the  proposal  to  call  the  lower  series  Neocomian 
ceases  to  be  logically  defensible,  unless  a  new  name  is  found  either 
for  the  Upper  Cretaceous  series  or  for  the  whole  system  which 
includes  boUi.  Prof.  Judd's  nomenclature,  with  the  belief  he  then 
entertained,  was  a  logical  one,  but  I  must  maintain  that  the  manner 
in  which  it  has  been  subsequently  employed  is  entirely  illogical. 
There  is  an  inclination  in  certain  quarters  to  adopt  the  name 
Neocomian  for  the  lower  division,  and  to  limit  the  application 
of  Cretaceous  to  the  upper  division;  this  plan  would  certainly 
secure  logical  uniformity,  but  those  who  suggest  it  are  bound  to 
propose  a  new  name  for  the  system  which  includes  these  two 
divisions,  otherwise  it  would  only  ''make  confusion  worse  con- 
founded." There  is  really  no  necessity  for  any  such  innovation, 
or  for  any  alteration  of  the  general  scheme  of  nomenclature  to 
which  we  are  accustomed.  T^e  Cambrian  and  the  Carboniferous 
systems  are  simply  divided  into  lower  and  upper  series,  why 
therefore  should  we  not  be  content  to  treat  the  Cretaceous  system 
in  the  same  way,  and  to  speak  simply  of  Lower  and  Upper  Cre* 
taceous  series  ? 

Further,  it  must  be  remembered  that  the  majority  of  French  and 
Swiss  geologists  use  the  term  Neocomian  in  its  special  application  as 
limited  by  D'Orbigny,  and  its  employment  in  any  other  sense,  except 

^  See  Quart.  Jonrn.  Geol.  Soc.  toI.  zxiy.  p.  228. 
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on  the  strongest  groands  of  expediency,  is  therefore  to  be  deprecated. 
I  am  fully  aware  that  Prof.  Hebert  is  one  of  those  who  has  adopted 
Prof.  Jadd's  nomenclature,  but  Prof.  Hebert  appears  to  shrink  from 
proposing  a  new  name  for  the  Lower  (Neocomian)  beds,  though  he 
employs  D'Orbigny's  names  for  the  other  groups ;  consequently  he 
has  only  succeeded  in  introducing  an  element  of  confusion  which  did 
not  previously  exist  in  the  French  nomenclature. 

The  height  of  incongruity  is  reached  when,  by  retaining  the  name 
of  Wealden  for  the  fresh-water  beds  and  adopting  that  of  Neocomian 
for  all  our  marine  beds,  we  have  a  Neocomian  overlying  the  Wealden  1 
and  consequently  applied  to  the  very  beds  Marcou  and  Renevier  have 
so  clearly  and  carefully  distinguished  from  those  strata  which  were 
originally  called  Neocomian  in  Switzerland  and  the  south  of  France 
(see  ante).  I  trust  that  I  have  now  made  it  clear  that  to  continue 
the  use  of  Neocomian,  either  as  a  synonym  for  Lower  Cretaceous 
or  as  a  substitute  for  Lower  Oreensand,  would  be  productive  of 
immense  confusion,  and  would  entirely  stultify  the  work  of  two 
of  the  principal  authorities  upon  the  beds  in  question.  Neither  does 
it  seem  desirable  to  introduce  the  term  Aptien  into  British  nomen- 
clature, partly  because  of  the  diiOference  of  opinion  which  exists  in 
France  as  to  the  relative  extension  of  Aptien  and  Urgonien,  and 
partly  because  there  is  not  sufficient  continuity  between  the  French 
and  English  areas  to  make  any  correlation  so  safe  and  certain  as  it 
is  in  the  case  of  the  Upper  Cretaceous  groups.  The  Cretaceous  rocks 
of  England  are  now  undergoing  revision  by  the  members  of  the 
Geological  Survey,  and  the  desirability  of  formulating  a  new  nomen- 
clature will  be  considered  when  the  work  is  farther  advanced :  the 
merits  of  the  name  (Vectian)  which  I  have  already  proposed  as  a 
substitute  for  Lower  Greensand  will  then  be  discussed ;  at  present  I 
am  content  to  let  it  remain  in  abeyance.  For  my  present  purpose 
the  local  names  used  for  the  groups  in  the  Wealden  area  will  serve 
as  a  means  of  comparing  the  beds  of  southern  England  with  those 
of  northern  and  southern  France  so  far  as  is  possible  under  the  cir- 
cumstances ;  this  is  done  in  the  following  table : — 

South  England.  N,B,  France.  8.B.  France, 

Folkestone  and  Sandgate  Beds.  |  Sands  and  Sandstones.  )  a  ^4^^  ) 

BytbeBeds.  Plicatnla  Clays.  ) 

Atherfield  Clay.  The  red  band.  Bbodanien.  I     \'' 

rFreehwater  Beds.  {  TT«w.«i«, 

The  Oyster  Clays.  {  XTrgomen. 

Weald  Cky.  ^YeUowMarl.  ) 

Spatanffns  Limestone  Sands  |  Upper  \ 

I        and  Clay.  ;  |  Neocomienj 

Hastings  Sands.  (Absent).  Lower ) 

VI. — On  the  Sequsnob  and  Systematic  Position  of  the  Cam- 
brian Books  of  Nuneaton. 
By  Prof.  C.  Lapwoeth,  LL.D.,  F.G.8. 

IN  the  Oeolooioal  Magazine  for  December,  1882,'  I  published  a 
brief  note  upon  the  ''  Discovery  of  Cambrian  Rocks  in  the 
>  Lapworth,  Gsol.  Mao.  1882,  Dec  II.  YoL  IX.  p.  663. 
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Neighbourhood  of  Birmingham/*  in  which  evidences  were  addnced 
demonstrative  of  the  fact  that  the  oldest  sedimentary  strata  of  the 
Lickey  Hills,  and  of  the  neighbourhood  of  the  town  of  Nuneaton, 
previously  referred  to  the  Llandovery  and  Carboniferous  respeo* 
tively,  are,  in  reality,  of  Cambrian  age.  Since  that  date  these 
Cambrian  areas  have  been  in  part  mapped  by  the  members  of  the 
Field  Geology  Class  of  the  Mason  College,  and  many  confirmatory 
and  interesting  points  of  detail  have  been  detected  by  myself  and 
others.  Some  of  these  will  be  found  incorporated  in  Mr.  Jerome 
Harrison's  valuable  paper  on  the  "  Pre-Carboniferous  Floor  of  the 
Midlands,"  published  in  the  Midland  Naturalist  for  1885.^  My  friend 
Mr.  T.  H.  Waller,  B.Sa,  kindly  undertook  the  microscopical 
examination  of  the  igneous  rocks  associated  with  these  Cambrian 
strata,  but  the  results  of  his  observations  are  as  yet  unpublished.  I 
hope  to  treat  of  the  subject  as  a  whole  at  the  forthcoming  Meeting 
of  the  British  Association,  but  as  I  have  recently  had  to  prepare  a 
general  account  of  the  Cambrian  rocks  of  the  Midlands  for  the  local 
''  Association  Guide  Book,"  I  have  thought  that  a  summary  of  my 
conclusions  as  there  laid  down  respecting  the  main  fossiliferous  area 
of  Nuneaton  may  be  of  present  interest  to  other  geologists  working 
among  these  rocks,  and  may  serve  as  a  point  of  departure  for  further 
discussion  and  investigation. 

The  largest  area  of  Cambrian  rocks  in  the  Midlands  is  that  of 
Nuneaton  and  Atherstone  in  Eastern  Warwickshire.  It  extends 
from  the  neighbourhood  of  Bed  worth  on  the  south  to  a  point  beyond 
Merivale  Park  near  Atherstone  on  the  north,  a  distance  of  about 
eight  miles,  and  has  a  maximum  width  to  the  north  of  the  hamlet  of 
Oldbnry  of  about  a  mile  and  a  quarter.  On  the  eastern  margin  of  the 
Cambrian  area  its  beds  are  overlain  unconformably  by  the  basement 
beds  of  the  Keuper  Sandstone,  around  and  to  the  south  of  the  town 
of  Nuneaton.  To  the  north  of  that  town  they  are  generally  faulted 
against  the  Keuper  Marl,  but  are  locally  overlapped  by  some  of  its 
basal  beds.  On  the  western  side  the  Cambrian  rocks  are  overlain 
unconformably  by  the  lowest  sandstones  of  the  East  Warwickshire 
Coalfield,  but  there  appear  evidences  of  faulting  between  the  two 
systems  in  some  localities. 

The  sequence  of  the  rocks  of  this  Cambrian  area  is  as  follows  : — 

A.  Caldecote  Volcanic  Bocks. 

(1)  A  thin  series  of  volcanic  ashes,  beautifully  stratified,  shown 
in  an  old  cutting  (The  Tunnel)  a  few  yards  to  the  north-west  of 
Caldecote  Lodge,  and  forming  the  lowest  rocks  exposed  in  the 
Nuneaton  district 

(2)  Quartz-felsite  and  diabase-porphyrite,  seen  in  an  old  quarry 
about  a  quarter  of  a  mile  south-east  of  Caldecote  Lodge.  The  quartz- 
felsite  is  often  brecciated  in  character,  and  is  doubtfully  intrusive  in 
the  Caldecote  ashes.  The  diabase-porphyrite  is  subsequent  in  age  to 
the  quartz-felsite,  resting  upon  it,  making  its  way  into  it  in  veins 
and  strings,  and  including  fragments  of  the  quartz-felsite  caught  up 
in  its  flow. 

^  Harrison,  Midland  Naturalist,  1885,  yoI.  Yiii.  pp.  38 — 69  et  teg. 
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B.  HarUUU  QuarUite. — ^Thiok-bedded  quartzite,  with  intercalations 
of  sandy  shales.  This  formation  extends  from  Tuttle  Hill  to  Harts- 
hill,  and  is  exposed  in  many  large  quarries.  The  basement  beds  of 
the  quartzite  contain  abundant  fragments  of  the  Oaldecote  voloanic 
rocks.  At  Mr.  Boon's  quarry,  between  Caldeoote  Lodge  and  Tuttle 
Hill,  its  lowest  zone  is  laid  bare,  and  is  almost  wholly  made  up  of 
this  derived  volcanic  material. 

Along  a  straight  line  ranging  from  the  Midland  Railway  Station 
at  Nuneaton  to  the  village  of  Hartshill,  near  Atherstone,  the  highest 
zone  of  the  quartzite  is  succeeded  by  the 

G.  Stoekingford  Shales. — A  thick  group  of  purple,  green,  grey  and 
black  thin-bedded  shales,  which  are  separable  into  two  main 
divisions : — 

(1)  Purple  and  Chreen  Shales  (Oboldla  Beds). 

The  lowest  zones  of  this  division  are  stained  of  a  deep  purple 
colour,  and  were  formerly  worked  for  manganese.  Higher  up  the 
purple  shales  pass  up  into  green  and  grey  beds,  but  the  red  beds 
re-appear  at  intervals  to  the  summit  of  the  division.  At  Marston 
Jabet,  Camp  Hill,  and  in  many  localities  beyond  Hartshill,  fossils 
occur,  which  are,  however,  limited  to  very  thin  seams,  llie  com- 
monest forms  may  be  provisionally  referred  to: — 

LinguUUa  pygmea^  Salter.  Frototp<mgia  feneatraiay  Hicks. 

Obolella  iagittalis,  Salter.  Aerotreta  $oeialu^  Von  Seebach. 

Orihu  UniieularUy  Dalm.  Obolelia  Salteri,  Holl. 

(2)  Chray  shales  with  hands  of  intensely  black  carbonaceous  shales 
(Agnostus  Beds). 

These  are  divisible  into  two  main  zones : — 

(a)  Zone  of  Agnostus  sodale,  Tullberg. 

The  characteristic  fossil  of  this  band  is  the  well-marked  variety 
of  Agnostus  pisiformis  (Linn.),  which  gives  its  name  to  the  zone. 
It  has  been  met  with  in  these  beds  at  Ghilvers  Coton,  Stoekingford 
Cutting,  and  Oldbury  Beservoir. 

Another  very  characteristic  fossil  in  the  band  is  Beyrichia  Angelini, 
Barr.,  a  well-known  Swedish  species.  Its  associated  forms  are  a 
species  of  LinguleUc^  apparently  identical  with  Lingulella  Nicholsoni, 
Callaway,  and  a  species  of  Obolella. 

(b)  Zone  of  Spharophthalmus  alatus,  Beck.  {'^^Zone  of  PeUura 
scarabeoides,  Wahlenberg). 

The  characteristic  fossil  of  this  zone  is  the  well-known  Scandi- 
navian species  8.  alatus  (8.  humilis,  PhilL),  already  known  from 
the  British  Upper  Cambrian  rocks  of  North  Wales  and  the  Malvern 
Hills. 

It  is  associated  with  abundant  specimens  of  an  Obolella  of  the  type 
Obolella  sagittalis,  Salt,  but  with  strongly-marked  ooncentric  lines 
of  growth  (var.  concentricus).  Species  of  Agnostida  occur  more 
rarely,  together  with  carbonaceous  remains  resembling  the  JSymeno* 
carts  vemUcauda  of  Salter,  etc. 

The  examples  of  Spharophthalmus  are  locally  abundant  but  poorly 
preserved,  head,  body-rings,  and  free  cheeks.    They  are  confined, 
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as  in  the  MalvemB,  to  a  single  seam  whioli  is  very  difficult  of 
detection. 

This  zone  is  the  highest  band  of  the  Oambrian  Tisible  in  the 
Nuneaton  District,  occurring  immediately  to  the  east  of  the  uncon- 
formably  overlying  Carboniferous.  Fossils  have  been  obtained  from 
it  in  the  quarries  to  the  south-west  of  Merivale  Park,  and  in  the 
Stockingford  railway  cutting. 

No  recognizable  fossils  have  been  met  with  in  the  Hartshill  quartz- 
ite,  but  those  enumerated  above  from  the  various  zones  of  the  Stock- 
ingford shales  allow  us  to  assign  the  Cambrian  rocks  of  Nuneaton 
to  their  approximate  position  in  the  general  succession  of  Cambrian 
deposits.  These  Stockingford  shales  fall  apparently  into  the  same 
systematic  position  as  the  well-known  Upper  Cambrian  shales  of  the 
Malvern  Hills — representing  the  grey  and  black  shales  which  there 
lie  between  the  Hollyhush  Sandstone  below  and  the  Diclyonema  bed 
above.  Zingula  pygmea  and  Obolella  Salteri  occur  in  the  lowest 
shale  zones  of  the  Malvern  Hills,  Spharophthalmus  alatus  and  Agnostus 
pmformia  ai-e  among  the  characteristic  fossils  of  the  black  shales 
above.  In  other  words,  the  Stockingford  beds  come  into  the  place 
of  a  part  of  the  Lingula  Flags  of  North  Wales— possibly  ranging  to 
the  Upper  Dolgelly.  With  the  Scandinavian  succession  the  agree- 
ment is  even  closer ;  the  zones  of  Agnostm  sociale,  Beyrichia  Angdini 
and  Spharophthalmus  alatue  (»  zone  of  P.  scaraheoides)  occurring  in 
the  same  order  in  the  Midlands,  in  Scania  and  in  Norway. 

Although  the  underlying  Caldeoote  Volcanic  Group  has  distinctly 
afforded  the  material  of  which  the  basement  bed  of  the  Hartshill 
Quartzite  is  composed,  it  is  doubtful  if  the  systematic  break  between 
the  Caldecote  and  Hartshill  formations  is  of  great  moment.  The 
Caldeoote  ashes  have  the  same  general  strike  and  amount  of  inclina- 
tion as  the  overlying  quartzite,  and  are  equally  unmetamorphosed. 

Both  the  Stockingford  Shales  and  the  Hartshill  Quartzite  are 
pierced  by  intrusive  dykes  of  Pre-Carboniferous  diorite.  This  rock 
has  been  already  described  by  Mr.  AUport,  F.G.S.,  in  a  memoir  which 
has  become  classic  in  the  history  of  British  Petrography. 

A  preliminary  notice  of  the  petrographical  characters  of  the 
Caldeoote  igneous  rocks  by  Mr.  Waller  will  be  found  in  the  paper 
which  follows  the  present  communication. 


VII. — ^Fbsliminabt  Note  on  the  Volcanic  and  Asbociated  Books 

07  THE  Neighbourhood  or  Nuneaton. 

By  Thos.  H.  Wallbb,  B.A.,  B.Sc. 

THE  relations  of  the  various  rocks  of  the  district  lying  to  the 
North  and  South  of  Nuneaton  have  already  been  discussed  by 
Prof.  Lapworth  from  the  data  afforded  by  investigation  in  the  field. 
He  put  into  my  hands  many  specimens  of  the  different  rocks  for  the 
purpose  of  microscopical  examination.  I  have  also  received  specimens 
from  Mr.  W.  J.  Harrison,  and  have  collected  some  myself.  Mr.  J. 
J.  H.  Teall  has  also  placed  at  my  disposal  a  number  of  slides  which 
he  has  had  prepared  from  material  of  his  own  collecting. 
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From  these  I  have  prepared  a  oonsiderable  number  of  thin  Bections, 
and  I  propose  to  give  here  a  summary  of  the  chief  conolusions  at 
which  I  have  arrived  as  to  the  following  rooks : — 

1.  The  Ashes. 

2.  The  Quartz-Felsite. 

3.  The  Basic  rock  which  is  seen  in  contact  with  the  Quartz-Felsite. 

4.  The  Quartzite. 

5.  The  Diorite  in  the  latter. 

1.  The  Ashes  from  the  "Tunnel"  at  Caldecote  are  distinctly 
bedded,  and  contain,  where  they  are  coarsest,  angular  grains  of  quartz 
and  felspar ;  but  in  most  parts  the  dust  has  originally  been  so  fine, 
and  subsequent  changes  have  so  much  veiled  the  components,  that 
not  much  can  be  made  out  as  to  their  constitution.  A  light-coloured 
specimen  from  this  locality  has  an  appearance  and  texture  very 
similar  to  those  of  a  tuff  from  the  Pentland  Hills,  of  which  I  pos- 
sess a  specimen.  It  contains  a  number  of  rather  darker  grains, 
which  are  not  evenly  distributed  all  over,  but  are  gatherod  up  into 
a  sort  of  network  with  irregular  meshes,  the  open  spaces  being  nearly 
free  from  them. 

A  few  of  the  felspar  grains  are  much  larger  than  the  majority  of 
the  fragments  of  which  the  rock  is  made  up ;  one  well-defined  and 
pretty  perfect  crystal  measuring  about  -sV  of  an  inch,  another  of 
orthoolase  measures  yiir  of  an  inch.  There  are  occasional  fragments 
of  apparently  a  fine-grained  basalt,  and  in  some  of  these  large  felspar 
crystals  are  included,  showing  that  the  basalt  was  porphyritic.  I 
have  seen  no  well-defined  augite,  but  a  few  green  patches  give 
rather  the  impression  of  an  altered  pyroxene.  The  quartz  fragments 
are  not  very  frequent,  and  the  general  character  of  the  mass  is 
decidedly  basic. 

In  the  coarse  conglomerate  at  the  base  of  the  quartzite,  blocks  of 
ash  are  found,  and  those  which  I  have  examined  are  made  up  of 
much  larger  fragments  than  the  specimens  from  the  Tunnel.  The 
fragments  present  a  considerable  variety  of  aspect ;  a  few  of  them 
look  like  pieces  of  a  very  vesicular  lava — basic  apparently :  others  are 
pale  green,  like  some  of  the  Welsh  felsites  of  the  Snowdon  district, 
and  have  the  peculiar  curdled  or  damascened  appearance  which  has 
been  often  described  in  these. 

2.  The  Quartz-Felsite. — It  is  only  sparingly  that  specimens  occur 
which  have  the  appearance  of  typical  unaltered  quartz-felsites.  In 
them  the  quartz  and  felspar  occur  in  large  grains  and  crystals,  the 
ground-mass  forming  as  usual  inclusions  and  indentations  in  the 
former.  In  the  ground-mass  itself  the  fluidal  texture  is  very  marked, 
and  it  shows  the  usual  indeterminate  polarization  of  the  felsites. 

The  felspar  is  much  clouded  by  products  of  decomposition,  but 
there  is  a  good  deal  left  which  allows  the  twinning  to  be  made  out 
Both  orthoolase  and  plagioclase  occur ;  in  the  latter,  frequently  with 
very  fine  and  sharply-distinguished  lamellsB. 

The  greater  number  of  specimens  which  have  a  general  look  of 
quartz-felsite,  seem  to  me  to  have  much  more  of  the  character  of  a 
felsite  breociated  and  recemented  with  probably  but  little  disturbance. 
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The  quartz  grains,  instead  of  having  mostly  rounded  ontlines,  are  in 
very  large  proportion  angular,  and  have  a  very  fragmentary  look. 
The  felspar  grains,  on  the  contrary,  are  very  frequently  rounded,  and 
the  whole  of  the  crystalline  constituents  are  packed  closely  together ; 
touching,  in  the  majority  of  cases,  as  if  they  had  been  loose 
grains.  This  peculiarity  of  aspect  naturally  varies  in  different 
specimens,  and  in  one  or  two  I  think  I  have  detected  a  quartz  grain 
in  the  act  of  breaking  up.  It  is  of  irregular  shape,  and  at  one  side 
is  covered  over  with  a  network  of  strings  of  minute  fluid  cavities, 
which  divide  it  into  roughly  polygonal  portions ;  as  we  pass  to  the 
other  side  of  the  crystal,  however,  these  become  lines  of  an  infil- 
trated green  mineral,  and  at  the  extreme  edge  a  few  of  the  polygonal 
fragments  are  quite  detached,  and  separated  from  the  main  mass  by 
portions  of  the  ill-defined  ground-mass  which  occure  in  this  particular 
specimen.  Here  the  alternative  lies  between  considering  the  fluid 
cavities  as  the  remaining  indications  of  cracks  which  originally 
divided  the  crystal,  or  looking  upon  the  strings  of  cavities  as  original, 
and  as  giving  direction  to  the  separation  by  being  planes  of  weakness. 
It  is  rather  in  favour  of  the  former  assumption  that  the  reticulated 
arrangement  of  the  cavities  is,  so  far  as  my  observation  goes,  more 
frequent  in  the  specimens  which  have  the  greatest  appearance  of 
disturbance.  Where  the  crystalline  grains  of  quartz  are  indented 
with  intrusions  of  the  ground-mass,  there  is  very  frequently  a  line  of 
cavities  following  the  outline  of  the  indentation.  One  specimen 
shows  very  well  the  care  needful  in  deciding  that  an  apparent  inclusion 
is  not  in  connection  with  the  exterior.  A  quartz  grain  has  a  row  of 
four  roundish  apparent  inclusions.  The*  plane  of  the  section,  how- 
ever, has  fallen  just  within  the  neck  connecting  one  of  these  included 
masses  with  a  little  indentation  of  the  margin,  so  that  there  is  a  very 
faintly  visible  cloud  observable  showing  the  actual  connection. 

In  various  places  in  this  rock  there  are  green  patches  and  a  few 
black  and  brown  ones.  These  are  not  so  sharply  defined  micro- 
scopically as  they  appear  in  hand-specimens.  In  some  cases  they 
seem  to  have  their  margins  indented  with  a  quartz  grain,  or  to 
inclose  a  bit  of  felspar  ;  but  occasionally  they  seem  quite  free  from 
any  but  microscopic  crystals.  The  black  patches,  so  far  as  I  have 
examined  them,  have  the  look  of  green  serpen tinous  alteration 
products,  and  some  of  the  browner  ones  have  much  the  appearance 
of  the  neighbouring  fine  ashes,  but  others  seem  more  filled  with* 
minute  lath-shaped  crystals,  which  have  much  of  the  character  of 
felspar  microliths. 

3.  The  Dark  Basic  Rock  which  is  in  contact  with  the  quartz- 
felsite  in  one  little  disused  quarry  has  undergone  great  alteration — in 
some  parts  to  the  complete  obliteration  of  any  original  structure,  in 
otbera  the  components  are  very  fairly  preserved.  Close  to  the 
junction  with  the  quartz-felsite,  and  running  into  it  in  strings  and 
tongues,  the  appearances  strongly  suggest  a  rock  originally  glassy, 
which  has  been  subsequently  devitrified,  like  the  glassy  base  of  many 
felsites.  In  some  specimens  the  structure  is  markedly  porphyritic ; 
felspar  crystals  of  considerable  size  occurring  in  a  ground  of  crystals 
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apparently  of  felspar  of  very  small  dimensions.  In  others  the 
crystals  of  felspar  are  larger  and  of  more  uniform  size.  Extremely 
little  angite  has  escaped,  but  it  is  ourioas  that  those  which  are  pre- 
served show,  in  addition  to  the  twinning  with  the  orthopinaooid  as 
the  plane  of  composition,  which  is  common,  the  unusual  cleavage 
parallel  with  the  basal  plane  described  by  Mr.  Teall  as  occurring  in 
the  prevailing  pyroxene  of  the  Whin  Sill  of  the  North  of  England. 
One  section  approximately  in  the  plane  of  the  clinopinacoid  shows 
the  cleavages  forming  obtuse  angles  meeting  in  the  plane  of  com- 
position ;  the  angles  were  measured  as  66°  on  one  side,  and  65° 
on  the  other,  and  the  extinctions  40°  and  41^  from  the  dividing  line. 
Where  the  colour  of  the  augite  can  still  be  seen,  it  is  very  pale. 

The  larger  porphyritically-developed  felspars  give  extinction 
angles  such  as  indicate  one  of  the  more  basic  plagioclases,  probably 
labradorite.  Some  yellowish  hornblende  and  a  green  chloritic  or 
serpentinous  mineral  are  apparently  products  of  alteration. 

The  manner  in  which  this  rock,  which  seems  to  agree  in  characters 
with  Bosenbusch's  diabase  porphyrite,  runs  in  among  the  quartz 
and  felspar  grains  of  the  quartz-felsite  previously  mentioned,  the 
presence  of  detached  angular  quartz  grains  in  its  mass,  and  the 
appearance  of  flow  which  it  has,  lead  me  to  believe  that  it  flowed  as 
a  lava  over  a  broken  disintegrated  surface  of  quartz-felsite  or  of 
a  bed  of  sand  derived  from  it. 

4.  The  Quartziie. — ^The  quartz  sand  which  has  formed  the  founda- 
tion of  the  quartzite  shows  in  some  of  the  lower  beds  its  derivation 
from  such  a  rock  as  the  quartz-felsite  previously  described,  by  the 
survival  of  canals  and  inclosures  of  the  felsitic  ground-mass,  and 
indeed,  in  the  conglomerate,  quite  at  the  base,  little  pebbles  of  felsite 
occur  along  with  angular  fragments  of  the  fine  ashes.  In  the  normal 
quartzite  the  grains  of  primary  quartz  are  well  rounded,  and  contain 
in  many  oases  a  great  number  of  minute  fluid  cavities.  The  secondary 
cementing  quartz  is  much  more  free  from  cavities  or  inclusions 
of  any  sort  It  is  an  optical  continuity  with  the  primary  quartz, 
so  that  in  polarized  light  the  impression  is  given  of  polygonal  areas 
of  colour.  The  appearance  is  markedly  different  where,  as  is  quite 
frequently  the  case,  a  grain  of  felspar,  or  of  felsite,  or  of  the  ashes, 
occurs.  On  these  no  quartz  is  deposited,  but  they  are  simply 
enveloped  in  that  which  has  crystallized  on  adjoining  grains. 

5.  The  Dioriiea  which  occur  in  the  quartzite  are  in  an  advanced 
state  of  alteration,  and  often  not  much  more  than  the  shapes  of  the 
old  crystal  forms  can  be  made  out  Calcite  is  developed  in  them  to 
a  considerable  extent 

In  a  specimen  from  Tuttle  Hill,  collected  by  Mr.  Teall,  and  kindly 
lent  to  me  by  him,  the  hornblende  is  in  the  form  of  long  and  com- 
paratively slender  crystals,  with  frequent  cross-divisions.  A  similar 
structure  occurs  in  a  specimen  from  Merivale  Church,  kindly  given 
to  me  by  Mr.  W.  J.  Harrison. 


Digitized  byVjOOQlC 


326  MevietcB — Dr.  Max  Schlosser  on  the  Uhgulata. 

la  S  V  I  S  ^W  S. 


J 


I. — Db.  Max  Sohlosseb  on  the  Ungulata.' 

THE  author  of  tbiB  memoir,  which  aims  at  giving  a  complete 
pedigree  of  all  the  Perissodactyla  and  Artiodactyla,  ie  to  be  con- 
gratulated on  the  amount  of  information  he  has  brought  together,  and 
the  strong  thought  characterizing  the  whole  of  it  The  pedigrees 
are  indeed  given  as  though  they  were  certain,  but  we  have  no  doubt 
that  the  author  himself  would  admit  that  they  must  be  regarded  as 
indications  only  of  the  way  in  which  the  line  of  evolution  may  have 
advanced,  rather  than  the  absolute  line  itself.  The  author's  American 
experiences  render  his  observations  as  to  the  probable  identity  of 
many  American  and  European  genera  of  especial  value. 

The  Condylarthra  the  author  regards  as  the  primitive  stock  from 
which  both  the  Perissodactyla  and  Artiodactyla  have  originated,  and 
points  to  Phenacodua  as  being  very  closely  allied  to  Hyracotherium. 
Instead  of  the  nine  or  ten  families  into  which  the  Perissodactyla  are 
usually  divided,  Dr.  Schlosser  proposes  to  reduce  the  number  to  four. 
Thus  the  Lophiodontidae  gives  its  type  genus  to  the  Tapiridce,  while 
Hyracotherium  and  its  allies,  together  with  the  Paladotheriidte,  are 
included  in  the  Equidas.  That  there  is  very  much  to  be  said  in 
favour  of  the  inclusion  of  the  PalsBOtheriidad  in  the  latter  is  perfectly 
true,  since  the  division  between  them  is  but  an  arbitrary  one  ;  and 
there  is  an  equal  transition  from  the  Palseotheriidas  through  Paehy- 
nolophus  to  Hyracotherium,  It  seems,  however,  hardly  consonant 
with  the  usual  acceptation  of  the  term  to  include  in  one  family  such 
widely  different  forms  as  Hyracotherium  and  Equus,  even  alUiough 
the  one  be  the  ancestor  of  the  other ;  and  the  total  separation  of  the 
former  from  Lophiodon,  to  which  it  seems  to  us  to  be  more  nearly 
allied  than  is  that  genus  to  Tapirus,  appears  decidedly  inadvisable. 
Dr.  Schlosser  appears,  indeed,  to  think  it  necessary  that  all  the 
members  of  one  line  of  evolution  must  be  included  in  a  single 
family ;  but  we  would  point  out  to  him  that  since  he  admits  the 
descent  of  the  iuborder  Perissodactyla  from  the  suborder  Condylar- 
thra, there  is  no  objection  against  adopting  the  same  view  in  the 
case  of  families,  and  regarding  the  EquidaB  as  descended  from  the 
Palsdotheriidsd,  and  the  latter  from  the  LophiodontidsB,  which  may 
have  also  given  rise  to  other  groups.  The  Ghalicotheriidsd  forms  the 
third  family,  which  is  taken  to  include  both  the  Mesodontidae  and 
Macraucheniidas ;  and  we  confess  we  should  like  more  conclusive 
evidence  in  favour  of  this  view,  as  the  dentition  of  the  latter  appears 
to  indicate  affinity  with  Palaotherium,  The  Bhinocerotidas  includes 
the  true  Bhinoceroses,  Hyrachyus  and  Elasmotherium, 

We  may  here  be  permitted  to  express  some  surprise  that  while  the 
author  so  reduces  the  number  of  families,  he  follows  the  example  of 
Gray  in  retaining  a  vast  number  of  genera ;  and  we  regret  (even  if 
it  be  only  on  the  lowly  ground  of  pity  to  the  power  of  memory  of 
average  mortals)  that  he  did  not  follow  the  excellent  example  of 

^  '*  Beitnife  zur  Eenntoiss  der  Stammesgeschicbte  der  Hufthier,  etc.,"  Morphol. 
Jahrbuch,  vol.  xii.  pp.  1-136,  pis.  i.-vi.  (Ib86). 
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Prof.  Flower  ia  inclading  all  the  reoent  Bhinooeroses  and  most  of 
the  fosBil  ones  in  a  single  genus,  as  well  as  in  uniting  Faloflotherium 
with  PalcBothertum.     We  are  glad  to  see  the  identity  admitted  of  ( 
Orohippus  with  Hyraeotherium,  and  the  suggestion  that  Eohippus  may  ( 
also  be  the  same ;  bat  we  are  surprised  at  the  retention  of  PUolophua 
(with  which  Oroiherium  is  ooupled)  as  distinct  from  Hyraeotherium.  ' 
MesoMppuB  and  Miokippug  are  rightly  shown  to  be  indistinguishable  , 
from  Anehitherium,  and  Protohippus  from  Hipparion.    Some  oonfusioiv/ 
appears  to  exist  in  the  author's  mind  with  regard  to  Fachynolophm, 
since  he  separates  it  widely  from   the  so-called  PropaUeoth^um, 
which  Qaudry  has  shown  to  be  identicaL    The  confusion  may  be  in 
part  accounted  for  by  the  retention  in  ITyraeoiherium  of  the  so-called 
H,  aideroliihieuB,  which  is  really  a  Paehynolophus  ;  but  it  is  difficult 
to  understand  what  forms  Dr.  Sehlosser  regards  as  the  representatives 
of  the  latter  genus.      The  genus  Tapirulm^  which  has  been  very 
generally  regarded  as  an  Anoplotheroid,  is  referred  to  the  Tapiridse, 
but  we  could  wish  for  stronger  evidence  on  the  point. 

In  the  Artiodaotyla  the  same  "lumping"  of  families  is  observ- 
able. Thus  the  author  proposes  (1)  the  Anoplotheriidaa,  (2)  the 
DichobunidfB,  which  is  subdivided  into  the  Dichobunidas  proper,  the 
Gadnotheriidaa,  Xiphodontid»,  Tragulids,  and  Gelocidad,  (3)  the 
Tylopoda,  (4)  the  Oreodontidad,  (5)  the  Anthracotheriids,  and  (6) 
the  Suidse.  We  are  not  quite  dear  as  to  the  author's  views  with 
regard  to  the  Oiraffida,  Cervidte,  and  Bovidte  (which  is  split 
into  Bovidas,  Antilopidad,  and  Ovidas) ;  but  they  are  all  regarded  aa 
descendants  of  the  Gelocidas,  and  it  is  apparently  intended  that 
they  should  be  considered  merely  as  subdivisions  of  that  sub- 
family,— a  view  which  will  hardly  commend  itself  to  the  Eng- 
lish school  of  zoology.  ITie  comparatively  wide  separation  of 
Xiphodon  from  Anoplotherium  is  in  opposition  to  the  view  of  Prof. 
Biltimeyer,  which  is  based  on  the  resemblance  presented  by  the 
former  to  the  undoubted  Anoplotheroid  genus  Dacryiherium ;  and 
we  are  inclined  to  give  more  weight  to  the  remarkable  resemblance 
existing  between  the  molar  dentition  of  the  three  genera  and 
the  affinity  of  their  general  carpal  and  tarsal  structure,  than  to 
the  features  of  carpal  and  tarsal  reductions  respectively  known  as 
adaptive  and  inadaptive.  Xiphodon  does,  however,  undoubtedly 
show  strong  indications  of  affinity  with  the  Gasnotheriidas  and  the 
Dichodontidas  (Gelocidad),  and  thus  indicates  a  transition  from  the 
Anoplotheriidad  to  the  Tragulidae.  The  author  adopts  the  recent 
view  of  not  separating  Eurytherium  from  Anoplotherium,  Lophio- 
meryx,  which  was  placed  by  Biltimeyer  between  Dichodon  and 
Oelocus,  is  referred  to  the  Tragulidas,  which  also  contains  Bachiihe* 
rium;  Lophiomeryx  Qaudryi,  we  regret  to  see,  has  been  made  the 
type  of  another  new  genus — Cryptomeryx.  The  Anthracotheriidaa 
are  taken  to  include  Merycopotamus,  and  also  the  bunodont  Etother- 
turn  (Entelodon),  which  is  classed  by  Prof.  Flower  together  with 
Cebochosrus  and  Choeropptamua  in  the  Choeropotamidaa.  The  Suidae 
is  taken  to  comprise  the  two  latter  genera,  together  with  the  Dicoty- 
lidad,   Phaoochceiidas  and   Listriodontidad,  and  the  peculiar  genus 
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Aeoiheridumy  wbiob,  althougli  presenting  dental  oharaoters  allied  to 
Ceboehcerua,  yet  in  other  respeots  is  so  like  Dichobunua  that  it  is 
difficult  to  think  that  it  is  not  nearly  allied.  Both  PaUeochcBrvs  and 
Chcsromerui  are  retained  as  distinct  from  Syotherium, 

We  Tentnre  to  think  that  the  plan  of  taking  one  very  large  family 
like  the  Diohobunid»  and  subdividing  it  into  several  subfamilies 
(all  of  which  have  the  same  termination),  and  the  apparent  snb- 
division  of  one  of  these  subfamilies  into  sub-subfamilies  is  not  ad- 
yisable,  and  is  sure  to  lead  to  confusion;^  and  we  should  have 
thought  it  better  to  rank  such  subfamilies  as  families,  since  it  is 
quite  impossible  to  attempt  to  make  all  families  or  other  divisions 
of  precisely  the  same  relative  value.  That  the  author  himself  has 
not  succeeded  in  this  we  think  is  evident,  when  he  sees  reason  to 
place  Anthracotherivm  and  ChcBropotamua  in  juxtaposition,  while 
Canotherium  and  the  closely  allied  Dichohunw  are  made  the  types  of 
separate  subfamilies  ;  but  this  is  still  more  glaringly  the  case  if  the 
Dichobunidsd  is  to  include  all  the  Pecora  (as  a  subdivision  of  the 
GelocidaB),  and  yet  not  to  have  higher  rank  than  the  Oreodontidte. 

It  is,  however,  hardly  to  be  expected  that  any  two  persons  can 
entirely  agree  on  such  points,  and  in  concluding  this  notice  we  beg 
to  congratulate  the  learned  writer  on  this  decidedly  valuable  contri- 
bution to  morphological  zoology.  B.  Ltdbkkbb. 


II. — Db.  0.  Dep^bbt  on  the  Plioosne  Ysbtebbata  of  Franob.* 

THIS  memoir  will  be  welcomed  by  all  students  of  the  Pliocene 
Mammalia  of  the  South  of  France,  as  it  throws  much  light  on 
many  of  the  forms  imperfectly  described  many  years  ago  by  Croizet 
and  Jobert,  and  Aymard.  The  work  consists  of  three  parts  :  Ist,  a 
geological  description  of  the  Bouisillon  basin  ;  2nd,  a  description  of 
the  Vertebrates ;  and,  3rd,  a  survey  of  the  Pliocene  Vertebrates  of 
Europe.  In  the  Pliocene  the  author  includes  all  the  strata  from  the 
Norfolk  Forest-bed  to  the  Montpellier  and  Casino  beds,  and  follows 
the  usual  French  view  of  classing  the  Pikermi  and  Mont  Leberon 
beds  with  the  Upper  Miocene  instead  of  at  the  base  of  the  Pliocene.' 
The  only  new  species  of  Mammal  described  is  Viverra  PepraxU, 
which  appears  intermediate  between  F.  civetta  and  Ictitherium ;  but 
there  are  several  interesting  forms  which  may  be  briefly  mentioned. 
The  so-called  Antihpe  hoddon  is  referred  to  Palaoryx,  while  A,  tortu 
cornis,  Aymard,  which  has  been  shown  in  an  earlier  memoir  to  be 

^  We  haye  already  been  obliged  to  quote  such  subfamilies  in  the  same  rank  with 
families. 

>  Theses  Presents  k  la  Faculty  des  Sciences  de  Paris,  s^r.  A.  No.  67,  pp.  1-268, 
pis.  i.-T.  (1886J.  The  writer  of  this  notice  regrets  that  the  work  did  not  come  into 
his  hands  in  time  to  incorporate  some  of  its  information  in  the  British  Museum 
Catalogues. 

'  In  a  recent  memoir  (Bull.  Soo.  66ol.  France,  s^.  8,  yoL  ziii.  pp.  287-  94  [1886]). 
Prof.  Gaudry  defends  the  former  yiew.  Since  the  learned  Professor  admits  the  inter- 
calation of  Pliocene  marine  strata  in  the  Pikermi  beds,  all  his  reasons  appear  to  us 
(be  it  said  with  all  respect)  to  present  a  strong  savour  of  the  kind  of  argument  known 
as  ••  begging  tha  question." 
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intermediate  between  Palaoreas  and  Tragelaphus,  is  referred  to  the 
latter  genus,  although  classed  by  M.  P.  Thomas  with  the  former ; 
the  ocourrence  of  these  Antelopes  allied  to  those  of  modem  Africa 
at  such  a  recent  epoch  is  of  much  interest  Sus  arvemensis  is  con- 
sidered indistinguishable  from  S.  provindalis,  and  closely  allied  to 
the  existing  African  S.  (P.)  afrieanus.  The  Hipparion  is  identified 
with  H..  crasBum,  Gerv.,  and  regarded  as  distinct  from  H.  gracile ; 
and  it  is  suggested  that  the  Montpellier  form  may  also  be  the  same. 
The  Bhinoceros  is  referred  to  B,  megarhtnus  (l^torhinus),  but  (apart 
from  the  evidence  of  the  imperfect  cranium)  it  appears  to  us  almost 
certain  that  the  dentition  represented  on  pi.  i.  belongs  rather  to  B. 
etruMcus — the  teeth  being  apparently  brachydont,  the  upper  pre- 
molars showing  the  strong  horizontal  cingulum  and  the  third  costa 
characteristic  of  that  species,  and  the  lower  molar  also  exhibiting  the 
distinctive  cingulum  at  both  extremities.  Among  other  interesting 
forms  we  may  mention  Testudo  Perpiniana,  which  is  as  large  as  T. 
elephanHnay  and  a  spine  indicating  the  occurrence  of  a  Siluroid  which 
it  is  suggested  may  be  allied  to  Clariaa. 

Almost  the  only  point  with  which  we  can  find  fault  is  the  reten- 
tion of  names  like  Maeharodus  Sainzelli  and  M.  pliocanuSf  which,  if 
not  mere  synonyms,  are  from  the  want  of  figures  of  no  possible 
value.  The  work,  with  other  memoirs  by  the  same  author,  will  be 
indispensable  to  all  future  students  of  the  Fossil  Mammalia  of 
France.  R.  Lydbkkbb. 


III. — Traksactioks  of  thb  Cumberland  and  Westmorland  Asso- 
ciation FOR  THE  Advancement  of  Literature  and  Soienob. 
No.  X.  1884-85. 

FOUE  papers  of  geological  interest  are  contained  in  this  volume. 
Mr.  W.  Q.  Collingwood  discourses  '*  On  Lake-basins  of  the 
neighbourhood  of  Windermere,"  observing  that  those  which  do  not 
lie  in  anticlinal  or  synclinal  breaks  coincide  with  faults.  He  has 
failed  to  find  any  evidence  of  ice-erosion  in  the  minor  lake- basins, 
although  ice  may  have  helped  to  free  them  from  detritus.  Mr.  J. 
Postlethwaite  contributes  a  paper  on  "Trilobites  of  the  Skiddaw 
Slates,"  which  is  illustrated  by  four  plates.  The  paper  simply  deals 
with  the  general  characters  of  the  specimens  and  with  their  localities, 
but  few  names  being  given.  Great  interest  however  attaches  to 
them  as  many  of  the  forms  are  new.  These  have  been  named  by 
the  author  and  Mr.  J.  G.  Goodohild  in  a  paper  lately  read  before  the 
eulogists'  Association.  Mr.  H.  W.  Schneider  communicates  an 
article  "  On  the  Hsdmatite  Iron  Mines  of  Low  Fumess,"  from  which 
the  total  production  of  pig-iron  amounts  annually  to  about  650,000 
tons ;  and  Mr.  J.  D.  Kendall  replies  to  a  previous  paper  by  Mr.  T. 
y.  Holmes  ''  On  the  Best  Locality  for  Coal  beneath  the  Permian 
Bocks  of  North-west  Cumberland." 

We  took  occasion  when  noticing  a  former  Part  of  these  "  Trans- 
actions" to  observe  that  the  plan  of  the  Cumberland  Association 
might  well  be  adopted  in  other  counties,  where  more  than  one  Natural 
History  Society  exists.     A  very  proper  rule  is  to  print  only  those 
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papers  which  are  local  and  originaL  We  regret  to  learn  that  on 
account  of  this  role,  the  Whitehaven  Scientific  Association  has 
severed  its  connection  with  the  Cumberland  Association.  Sorely 
unity  is  strength,  and  surely  there  are  members  of  the  Whitehavea 
Association  who  could  aid  in  the  progress  of  science  without 
departing  from  the  salutary  i-ules  framed  for  the  benefit  of  the  many. 
The  multiplication  of  local  **  Transactions ''  is  a  serious  eviL 
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L— May  26,  1886.— Prot  J.  W.  Judd,  F.R.S.,  President,  in  the 
Gbair. — The  following  communications  were  read : 

1.  "  Further  Proofs  of  the  Pre-Cambrian  Age  of  certain  Granitoid, 
Felsitic,  and  other  Bocks  in  North-western  Pembrokeshire."  By 
Henry  Hicks,  M.D.,  F.B.S.,  F.G.S. 

In  this  paper  the  author  gave  the  results  obtained  by  him  during 
a  recent  visit  to  N.  W.  Pembrokeshire.  He  stated  that  he  had 
further  examined  some  of  the  sections  referred  to  in  his  previous 
papers,  as  well  as  others  not  therein  mentioned,  and  that  he  had 
obtained  many  additional  facts  confirmatory  of  the  views  expressed 
by  him  in  those  papers.  The  Lower  Cambrian  conglomerates  and 
grits,  he  said,  contained  pebbles  of  nearly  all  the  rocks  in  that  area 
which  he  had  claimed  as  of  pre-Cambrian  age ;  and  the  fragments 
of  the  granitoid  rocks,  the  felsitic  rocks,  the  halleflintas,  and  of  the 
various  rocks  of  the  Pebidian  series  which  he  had  found,  showed 
unmistakably  that  those  rocks  had  assumed,  in  all  important  particu- 
lars, their  peculiar  conditions  before  the  fragments  were  broken  off. 

Moreover,  he  stated  that  there  was  abundant  evidence  to  show 
that  the  very  newest  of  the  pre-Cambrian  rooks  of  the  area  bad  been 
greaUy  crushed,  cleaved,  and  poroellanized,  before  any  of  the  Cam- 
brian sediments  were  deposited ;  hence  he  maintained  that  there 
was  in  tbe  area  a  most  marked  unconformity  at  the  base  of  the 
Cambrian.  At  Chanter's  Seat,  near  St  David's,  he  found  that  the 
Lower  Cambrian  grits  and  conglomerates  were,  in  parts,  almost 
wholly  made  up  of  fragments  of  characteristic  varieties  of  the 
Granitoid  rocks  which  form  the  Dimetian  ridge  near  by. 

The  so-called  granite  of  Brawdy,  Hayscastle,  and  Brimaston,  he 
said,  there  was  good  evidence  to  show,  was  probably  of  the  age  of 
the  Granitoid  rocks  of  St  David's.  The  mass  of  so-called  granite 
near  Newgale,  he  stated,  was  composed  of  rhyolites  and  breccias, 
undoubtedly  of  pre-Cambrian  age. 

llie  Booh  Castle  and  Trefgam  rocks,  he  stated,  could  not  possibly 
be  intrusive  in  Cambrian  and  Silurian  strata,  but  belonged  to  a 
series  of  pre-Cambrian  rocks.  He  referred  to  the  important  evidence 
bearing  on  the  age  of  these  rooks  given  in  a  paper  communicated  to 
the  Society,  since  his  last  paper  was  read,  by  Messrs.  Marr  and 
Boberts.    These  authors  showed  that  in  a  quarry  near  Trefgai-a 
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Bridge  a  Cambrian  oonglomerate,  overlaia  by  Olentia-shales,  is  to  be 
Been  resting  on  tbe  eroded  edges  of  tbe  Trefgam  series.  The  author 
examined  this  section  lately,  and  obtained  from  the  Conglomerate 
some  very  large  pebbles  of  the  characteristic  rocks  called  halleflintas, 
and  of  the  ash-bands,  both  of  which  are  found  in  situ  in  the  quarry. 
He  therefore  maintained  that  there  was  the  most  ample  evidence  to 
show  that  there  was  a  great  group  of  pre-Cambrian  rocks  exposed  in 
N.-W.  Pembrokeshire,  and  hence  that  he  had  proved  conclusively 
that  Dr.  (Jeikie's  views  in  regard  to  these  rocks,  as  given  in  his 
paper  and  more  recently  in  his  text-book,  are  entirely  erroneous. 

2.  **  On  some  Rock-specimens  collected  by  Dr.  Hicks  in  North- 
western Pembrokeshire."  By  Prof.  T.  G.  Bonney,  D.Sc.,  LL.D., 
P.RS.,  F.G.S. 

The  author  stated  that  he  had  examined  microscopically  a  series 
of  specimens  collected  by  Dr.  Hicks,  and  compared  them  with  those 
described  by  Mr.  T.  Davies,  in  vol.  xl.  of  the  Quarterly  Journal,  and 
with  some  in  his  own  collection.  He  agreed  with  Mr.  Davies*s 
conclusions  in  all  important  matters. 

The  Chanter's-Seat  conglomerate  contained  many  grains  of  quartz 
and  felspar,  curiously  like  those  minerals  in  the  so-called  Dimetian, 
together  with  numerous  small  rolled  fragments,  about  a  quarter  of 
an  inch  in  diameter,  exactly  resembling  the  finer-grained  varieties 
of  that  rock,  besides  bits  of  felsite,  similar  to  some  which  occur  in 
the  St.  David's  district,  quartzite,  a  quartz-schist,  and  an  argillite. 

The  rocks  in  situ  in  the  Trefgam  quarry  were  indurated  trachytio 
ashes,  together  with  the  curious  flinty  rock  which  was  the  most 
typical  of  the  so-called  halleflintas.  One  of  the  pebbles  from  the 
overlying  conglomerate  perfectly  corresponded  with  the  last-named 
rock,  others  appeared  to  be  most  probably  from  an  altered  trachytio 
ash,  differing  only  varietally  from  those  in  situ. 

After  prolonged  examination  of  this  "halleflinta"  of  Trefgam 
and  the  similar  rocks  from  Roch,  he  was  of  opinion  that  while  it  was 
possible  that  some  specimens  might  be  altered  ashes,  most  of  them 
were  originally  rhyolites  or  obsidians,  devitrified,  and  then  silicified 
by  the  passage  of  water  which  had  contained  silica  in  solution. 
The  Trefgam  group  obviously  could  not  be  intrusive  in  the  Lower 
Cambrian,  and  it  was  extremely  improbable  that  the  Roch  Castle 
series  was  newer  than  the  basement  conglomerate  of  that  district 

The  Brawdy  granitoid  rock  might  be  a  granite,  but  at  any  rate  it 
presented  considerable  resemblance  to  the  **  Dimetian.*' 

It  was  therefore  evident  that  the  Cambrian  conglomerate  of  Si. 
David's  was  formed  from  a  very  varied  series  of  rocks,  some  of  them 
much  older  than  it,  and  that  the  Dimetian  oould  not  be  intrusive  in 
it.  Moreover,  even  if  the  Dimetian  should  be  proved  ultimately  to 
be  a  granite,  and  the  core  of  a  volcano  which  had  emitted  the  rhyo- 
lites, sufficient  time  must  have  elapsed  after  its  consolidation  and 
prior  to  the  making  of  the  conglomerate  to  remove,  by  denudation, 
a  great  mass  of  overlying  rock.  Hence,  whatever  its  nature,  it  was 
pre-Cambrian. 

3.  <<0n  the  Glaciation  of  South  Lanoashire«  Cheshire,  and  the 
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Welsh  Border."     By  Aubrey  Strahan,  Esq.,  M.A.,  F.G.S.,  H.M. 
Geological  Survey.    By  permission  of  the  Direotor-General. 

Part  L  South  Lancashibs  and  Chsshibe. 

The  average  direction  of  the  large  number  of  glacial  strisB  which 
have  been  observed  in  the  neighbourhood  of  Liverpool  is  N.  28*^  W. 
Further  up  the  Mersey  there  is  a  slight  deflection  towards  the  east. 
Two  instances  only  occur  of  strisd  having  a  totally  different  direction, 
namely  E.N.E.  The  strisd  themselves  seldom  furnish  any  evidence 
as  to  the  direction  in  which  the  ice  travelled,  but  the  edges  of  the 
strata  have  in  many  cases  been  bent  back  from  the  north-west 
The  materials  of  which  the  drift  is  composed,  both  matrix  and  in- 
cluded boulders,  have  also  travelled  from  the  north-west  The  sands 
and  gravels  also  are  arranged  in  long  banks,  trailing  away  from  the 
south-west  sides  of  the  rock-hills,  in  such  a  way  as  to  show  that 
they  were  distributed  by  currents  from  the  north-west  The  striee 
are  found  in  connexion  with  the  Boulder-clays,  in  which  the  actual 
presence  of  ice  is  abundantly  proved.  Presumably  the  same  agent 
that  distributed  the  Boulder-day  also  striated  the  rock-surface  and 
moved  from  the  north-west 

Part  IL  Thb  Welsh  Bobdsb. 

The  striations  within  the  Welsh  Border  also  show  a  general 
parallelism,  but  in  a  direction  E.N.E.,  the  few  exceptions  that  occur 
being  close  to  the  Border.  The  direction  in  which  the  drift  has 
been  transported  shows  a  corresponding  change ;  though  analogous 
in  arrangement  to  the  Lancaster  drift,  it  has  all  travelled  from 
W.S.W.  to  E.N.E.  The  boundary  between  the  northern  drift  of 
the  English  side  and  the  western  drift  of  the  Welsh  runs  approxi- 
mately along  the  coast,  bending  inland  here  and  there,  and  cutting 
inland  across  parts  of  South  Flintshire  and  Denbighshire.  The 
transportation  of  the  Welsh  drift  has  taken  place  across  the  lines  of 
the  principal  hill-ranges  and  valleys.  Occasionally  the  two  drifts 
shade  one  into  the  other,  or  are  mixed  together;  but  as  a  general 
rule  the  far-travelled  northern  drift  overlies  the  more  local  deposit, 
and  is  easily  distinguishable  by  its  different  materials  and  by  its 
being  comparatively  stoneless. 

It  may  be  concluded  that : — 

1.  The  strias  on  the  English  and  Welsh  sides  respectively,  while 
showing  variations  among  themselves,  by  a  marked  preponderance 
in  one  quarter  of  the  compass,  indicate  a  direction  of  principal 
glaciation,  this  direction  being  on  the  English  side  from  about 
N.N.W.,  and  on  the  Welsh  from  about  E.S.E. 

2.  The  direction  of  glaciation  in  both  districts  agrees  very  closely 
with  that  of  the  transportation  of  the  drift,  but  is  only  locally 
influenced  by  the  form  of  the  ground. 

8.  The  strisB  are  by  no  means  universal,  but  are  found  almost 
exclusively  in  connexion  with  those  beds  in  the  drift  which  contain 
evidence  of  the  actual  presence  of  ice. 
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Part  III.  Origin  of  thb  STBiis. 

The  stn'sB  are  not  suoh  as  can  have  been  produced  by  valley- 
glaciers ;  they  go  across  and  not  down  the  valleys,  nor  are  there 
any  moraines.  The  question  resolves  iteelf  into  (1)  the  hypothesis 
of  two  ioe-sheets  moving  in  different  directions  in  the  two  areas ; 
(2)  that  of  floating-ice.  The  first  is  opposed  by  the  facts  that  the 
rock-surface  is  not  moutonnSed  on  a  large  scale,  and  that  the  strise  and 
terminal  curvature  are  far  from  universal ;  that  the  drifts  associated 
with  the  striaB  are  marine  deposits;  that  strias  having  different 
directions  are  found  on  the  same  slab.  The  well-known  occurrence 
of  gravel-ore  in  the  drift  at  the  outcrop  of  a  vein  is  also  against  this 
hypofjhesis.  The  marine  origin  of  the  drifts  is  indicated  by  their 
well-marked  stratification  as  a  whole,  by  the  alternations  of  well- 
washed  sands  and  gravels  with  the  Boulder-clays,  and  by  the  occur- 
rence through  all  the  beds  of  marine  shells.  A  lower  or  basement- 
day  is  seen  in  places  under  this  marine  drift,  but  it  is  always  the 
latter  with  which  the  strise  are  associated.  The  great  development 
of  undoubted  marine  beds  and  comparative  rarity  of  moutonnied  sur- 
faces constitute  the  principal  differences  between  this  region  and 
the  north,  where  the  existence  of  an  ice-sheet  has  been  strongly 
advocated.  Anglesey  is  considered  by  Sir  A.  Bamsay  to  have 
received  its  configuration  by  the  action  of  an  ice-sheet  from  the 
north ;  but  its  physical  features  appear  to  be  due  rather  to  its  geo- 
logical structure,  and  to  have  existed  in  more  or  less  their  present 
form  in  pre-glacial  times. 

The  arrangement  of  drifts  in  this  district  presents  an  analogy  with 
that  of  the  Norfolk  drifts,  and  probably  results  from  a  similar 
sequence  of  events. 

The  marine  drifts,  from  their  great  variability,  seem  to  have  been 
distributed,  and  the  striations  produced  by  floating-ice,  driven  by 
tidal  or  oceanic  currents,  during  the-  time  of  submergence.  During 
this  time  Snowdon  and  the  surrounding  hills  must  have  stood  well 
above  water,  forming  an  island-group,  and  by  such  a  group  the  pre- 
vailing currents  from  the  north  would  be  deflected  to  the  south-west 
over  Anglesey  on  the  one  side,  and  to  the  south-east  over  the  plains 
of  Cheshire  and  Shropshire  on  the  other,  while  within  the  limits  of 
the  group  a  local  circulation  might  be  maintained. 


II.— June  9,  1886.— Prof.  J.  W.  Judd,  P.B.S.,  President,  in  the 
Chair. — The  following  commimications  were  read : — 

1.  "  On  the  Volcanic  Bocks  of  North-eastern  Fife."  By  James 
Durham,  Esq.,  F.G.S.,  with  an  Appendix  by  the  President 

After  describing  the  general  distribution  of  the  volcanic  rocks  of 
Old  Bed  Sandstone  and  Carboniferous  age  in  the  counties  of  Forfar 
and  Fife,  the  author  called  attention  to  a  fine  section  exhibited 
where  the  Ochil  Hills  terminate  along  the  southern  shore  of  the 
Firth  of  Tay.  In  immediate  proximity  to  the  Tay  Bridge,  a  series 
of  the  later  volcanic  rocks,  consisting  of  felstones,  breccias,  and 
ashy  sandstone?,  are  found  let  down  by  fiaults  in  the  midst  of  thd 
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older  porphyrites  (altered  andesites)  which  cover  so  large  an  area 
in  the  district  The  breccias  contain  enormous  numbers  of  blocks 
of  a  red  dacite  (quartz-andesite),  and  inclosed  in  this  rock  angular 
fragments  of  a  glassy  rock,  resembling  a  "  pitchstone-porphyry,"  are 
found,  everywhere,  however,  more  or  less  converted  into  a  white 
decomposition -product  The  youngest  igneous  rocks  of  the  district 
are  the  bosses  and  dykes  of  melaphyre  (altered  basalt  and  dolerite), 
which  have  been  often  so  far  removed  by  weathering  as  to  leave 
open  fissures. 

In  the  Appendix  three  very  interesting  rocks  were  described  in 
detail.  The  rock  of  the  Northfield  Quarry,  which  is  shown  to  be 
an  augite-andesite,  has  a  large  quantity  of  a  glassy  base  with  felted 
microlites,  and  contains  large  porphyritic  crystals  of  a  colourless 
augite.  The  rock  of  the  Causewayhead  Quarries  is  described  as  an 
enstatite-andesite ;  it  has  but  little  glassy  base,  being  made  up  of 
lath-shaped  felspar  crystals  (andesine),  with  prismatic  crystals  and 
grains  of  a  slightly  ferriferous  enstatite ;  there  are  no  porphyritic 
crystals,  but  the  enstatite  individuals  are  sometimes  curiously  aggre- 
^ted.  The  red  porphyritic  rock  from  the  breccias  near  the  Tay 
Bridge  was  shown  to  be  a  mica-dacite,  and  the  glassy  rock  asso- 
ciated with  it  to  be  the  same  material  with  a  vitreous  in  place  of  a 
stony  base.  This  glassy  base  exhibits  very  beautiful  fluidal  and 
perlitic  structures.  The  crystals  of  first  consolidation  in  this  rock 
are  oligoclase  and  biotite,  often  showing  marks  of  injury  in  trans- 
port ;  those  of  the  second  consolidation  appear  to  be  orthoclase.  In 
conclusion,  the  successive  stages  by  which  the  andesitic  rocks  of  the 
area  were  altered,  so  as  to  assume  the  characters  distinctive  of  por- 
phyrites, were  fully  discussed,  as  well  as  the  change  of  the  glassy 
rock  into  its  white  decomposition-product 

2.  "  On  some  Eruptive  Rocks  from  the  Neighbourhood  of  St 
Minver,  Cornwall."    By  Frank  Rutley,  Esq.,  F.G.S. 

The  rocks  described  in  this  paper  were  derived  from  Cant  Hill, 
opposite  Padstow,  and  from  a  small  quarry  about  half  a  mile  from 
Cant  Hill,  near  Carlion.  At  the  former  locality  the  volcanic  rocks 
are  much  decomposed,  but  from  their  microscopic  cheuracters  they 
may  be  regarded  as  altered  glassy  lavas  of  a  more  or  less  basic  type. 
No  unaltered  pyroxene,  amphibole,  or  olivine  is  to  be  detected  in  the 
specimens  described,  but  there  is  a  considerable  amount  of  secondary 
matter  which  may  include  kaolin,  serpentine,  chlorite,  palagonitio 
substances,  eta  There  is  evidence  of  fluxion-structure  in  some  of 
the  sections ;  others  are  vesicular,  and  the  vesicles  are  usually  filled 
with  siliceous  or  serpentinous  matter.  The  relation  of  these  lavas 
to  the  underlying  Devonian  slates  was  not  ascertained.  The  rock 
occurring  near  Carlion  contains  numerous  porphyritic  crystals  of 
augite,  in  which  the  crystallization  is  interrupted  by  the  co-develop-* 
ment  of  small  felspar  crystals,  which  appear,  as  a  rule,  to  have  been 
converted  into  felsitic  matter.  Ilmenite  is  also  present  in  patches 
which  indicate  a  similar  interrupted  crystallization  to  that  shown  by 
the  augite.  The  rock  has  the  mineral  constitution  of  an  augite- 
andesite ;  but  since  it  is  a  holocrystalline  rock,  exception  would  be 
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taken  by  many  petrolo^ts  to  the  employment  of  the  tenn  andesite. 
The  lavas  of  Cant  Hill  were  also  probably  of  an  andesitio  charaoter, 
80  that,  80  far  as  original  mineral  constitution  is  oonoemed,  there  is 
some  apparent  justification  for  the  mapping  of  both  of  these  rocks 
as  **  greenstone  "  by  the  G^logical  Survey. 

3.  "The  Bagshot  Beds  of  the  London  Basin."  By  H.  W. 
Monokton,  Esq.,  F.G.S.,  and  R.  S.  Herries,  Esq.,  B.A.,  F.G.S. 

The  authors  stated  that  their  object  was  to  describe  more  fully  the 
Lower  Bagshot  beds,  and  to  disprove  the  view  lately  advanced  by 
Mr.  Irving  that,  in  certain  places,  the  Upper  Bagshots  overlap  the 
Lower  and  rest  directly  on  the  London  Clay.  They  described  or 
referred  to  a  number  of  sections  all  round  the  main  mass,  beginning 
at  St.  Ann's  Hill,  Chertsey,  where  they  considered  that  the  mass  of 

C^ "  les  and  associated  greensands  must  be  referred  to  the  Middle 
hoi  The  outliers  near  Bracknell  and  Wokingham  were  shown 
to  consist  of  Lower  and  not  Middle  Bagshot,  which  does  not  appear 
in  the  valley  north  of  Wellington  College. 

The  Aldershot  district  was  explained,  and  it  was  shown  that  the 
beds  there  resting  on  the  London  Clay  were  Lower  and  not  Middle 
Bagshot,  and  the  occurrence  of  fossils  in  the  Upper  Bagshot  of  that 
district  was  recorded. 

The  conclusions  that  the  authors  came  to  were,  that  a  well-marked 
pebble-bed  was  almost  always  present,  marking  the  division  between 
the  Upper  and  Middle  Bagshots,  but  that  there  were  other  pebble- 
beds  of  a  less  persistent  character  occurring  both  in  the  Middle  and 
Lower  Bagshot ;  that  the  Lower  Bagshots  generally  consist  of  false- 
bedded  sands  with  clay  laminae  and  no  fossils  except  wood,  whereas 
the  Upper  Bagshots  are  rarely  false-bedded,  and  are  characterized 
by  the  absence  of  clay  bands  and  the  presence  of  marine  fossils ;  and 
that  the  Middle  Bagshot  is  a  well-marked  series  consisting  of  green 
sands  and  clays. 

They  claimed,  in  conclusion,  that  there  was  no  reason  for  dis- 
turbing the  old  reading  of  the  district,  and  that  there  was  no  evidence 
of  an  overlap  of  the  Lower  Bagshots  by  the  Upper. 


OOS.S.ES:P035nD3335rC33. 


SUCEENSIDED  SURFACES  OF  CHALK. 

Sib, — Mr.  H.  Hntchins  French,  F.G.S.,  and  I  have  discovered 
widely  spread  surfaces  of  chalk  slickensided  horizontally  in  the 
neighbourhood  of  Sutton,  Surrey.  There  seems  to  be  abundant 
evidence  that  these  markings  are  really  due  to  friction,  and  they  are 
associated  with  a  remarkable  cleaved  structure  at  a  high  angle  to 
the  bedding.  This  cleavage  is  very  striking,  and  we  should  be 
glad  to  receive  any  notices  of  similar  phenomena  in  the  Chalk. 

We  also  find  the  Thanet  Sand  to  extend  further  west  than  was 
supposed  to  be  the  case,  it  being  some  15  feet  at  Leatherhead,  where 
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it  was  supposed  to  have  died  out,  or  to  have  been  orerlapped  by  the 
Woolwich  Beds. 

We  have  prepared  some  interesting  new  sections  in  the  Lower 
Tertiaries  around  Epsom,  which  we  hope  to  publish  shortly. 

Cabshaltov,  Sxtrrbt,  Stdnbt  B.  J.  Skertohly. 

May  lOM,  1886. 


MEMORANDUM  FOR  GEOLOGISTS  VISITING  WEYMOUTH. 

Sib, — Driving  from  Weymouth  the  other  day,  I  noticed  some 
magnificent  blocks  of  the  cherty  flint  of  Bincombe  Down,*  plaoed  to 
be  broken  up  for  mending  the  road.  This  shows  that  the  part  of  the 
Lower  Eocene  bed  there  is  now  open  which  contains  these  blocks. 
I  would  strongly  advise  any  geologist  visiting  Weymouth,  who  ia 
conversant  with  the  Cretaceous  series,  to  examine  these  blocks.  If 
I  am  not  mistaken,  they  represent  some  horizon  which  has  entirely 
disappeared  from  the  area.  It  does  not  seem  to  me  quite  certain 
whether  they  are  flints,  altered  in  texture,  or  whether  they  are 
chert  In  shape  and  size  they  are  like  those  which  are  and  have 
been  worked  for  implements  at  Brandon ;  but  in  texture  they  are 
quite  diflerent,  being  grey  throughout  and  opaque,  with  many  casts 
of  fossils.  Similar  flints,  containing  similar  fossils,  occur  in  the 
extraordinary  flint  bed  resting  upon  the  Greensand  of  Haldon  Hill, 
near  Exeter :  and  there  is  a  collection  of  the  fossils  in  the  Exeter 
Museum ;  as  there  is  also  a  small  collection  of  the  Bincombe  fossils 
at  Dorchester. 

The  observer  must  not  be  deceived  by  certain  flints  to  be  seen  in 
walls,  etc.,  along  the  Weymouth  road,  which  are  not  chalk  flints, 
but  come  out  of  the  Portland  beds  at  Bincombe.  They  are  usually 
nearly  spherical  in  shape,  and  black  inside.  0.  Fishbe. 


DOES  TEREDO  INHABIT  FRESH  WATER  P 
Sib, — I  have  found  an  account  by  Dr.  E.  P.  Wright  of  a  new  Teredo 
which  he  names  Namitoria  from  the  Ganges,  in  the  Linnean  Soc. 
Trans.  1864,  p.  451.  It  is  found  in  the  river  Comer,  a  loop  which 
runs  separately  from  the  Ganges  for  80  miles,  when  it  rejoins  the 
main  river  at  Mandarapore,  70  miles  from  the  sea.  The  water  for 
80  miles  below  Mandarapore  is  perfectly  fresh,  when  it  becomes 
slightly  brackish  at  full  tide ;  but  in  the  Comer  it  is  always  quite 
fresh  and  soft  and  used  for  drinking,  washing,  etc.  Trees  and  boats 
are  however  attacked  by  a  Teredo  in  it,  and  hence  Dr.  Wright  be- 
lieves that  at  all  events  this  species  does  live  in  perfectly  fresh 
water.  J.  S.  Gaiidnkb. 

^  See  Damon's  Geology  of  Weymouth  and  Portland,  2nd  edition,  p.  143. 


Digitized  byVjOOQlC 


THE  ^\^  ' '  ' 

GEOLOGICAL    MAGaMIII. 

NEW    SERIES.     DECADE     III.    VOL.    III. 


Ho.  Vni.-ATOXrST,  1888. 


O-IRXO-XlSTJLlLi     JLI^TICXjES. 


L — Note  on  Eophtton  ?  sxplanatum,  Hioes,  and  on  Eyalostblia 
(Ftritosbma)  fasciculus,  M'Coy,  sp. 

By  Gborob   Jennings   Hindb,  Fh.D.,  F.6.S. 

TITB.  W.  CABRUTHER8,  F.R.S.,  lately  called  my  attention  to 
i?|  the  resemblance  between  some  drawings  I  was  showing  to  him 
of  Hyalostelia  fasciculus,  M'Coy,  sp.,  and  the  supposed  fossil  plant, 
described  and  illustrated  by  Dr.  Henry  Hicks,  F.R.S.,  in  the 
Qbological  Magazine  for  1869,  VoL  VI.  p.  534,  PI.  XX.  Figs,  la-e, 
under  the  name  of  Eophyton  ?  explanatum. 

The  following  is  the  description  given  by  Dr.  Hicks  of  this  fossil : 
"A  raised  moderately  convex  stem  about  four  lines  in  breadth; 
widening  however  and  becoming  somewhat  compressed  at  the  joints. 
The  surface  is  ribbed  and  fhrrowed  along  its  whole  length.  At  the 
lower  joints,  the  ribs  bend  outwards,  evidently  to  form  a  branch. 
The  joint  is  obliquely  placed,  widened  out,  and  its  course  distinctly 
marked  by  a  deep  sulcus.  The  cortical  substance  is  very  thin,  and 
can  be  removed  to  show  the  internal  structure.  The  internal  struc- 
ture is  made  up  of  compressed  columns,  running  the  whole  length 
from  joint  to  joint,  evidently  of  a  tubular  nature,  and  bound  together 
by  very  thin  tissue." 

Owing  to  the  fact  that  no  structure  had  been  discovered  in  the 
type  forms  of  the  genus  Eophyton,  Dr.  Hicks  placed  this  fossil  only 
provisionally  under  the  genus,  but  he  at  the  same  time  stated  that 
there  could  be  no  reasonable  doubt  of  its  vegetable  nature,  and  that 
its  affinity  to  the  vascular  cryptogams  was  most  clearly  shown. 

Its  plant-characters,  however,  were  not  acknowledged  by  Mr. 
Carruthers,  who  wrote  respecting  it :  "It  is  very  doubtful  whether 
this  fossil  belongs  to  the  Vegetable  Kingdom.  The  large-sized 
continuous  tubes  of  which  it  is  composed  are  unlike  plant-structure  " 
(Seemann's  Journal  of  Botany,  vol.  viii.  p.  13). 

Subsequently,  in  the  Quarterly  Journal  Geol.  Soc  for  1881,  vol.  87, 
p.  490,  Dr.  Hicks  again  refers  to  the  same  fossil  in  the  following 
paragraph :  "  Of  Eophyton  ?  explanatum,  which  I  found  in  the  Tremadoo 
rocks  of  St.  David's,  I  fear  the  evidence  is  scarcely  sufficient  to  ally 
it  with  land-plants.  Its  strong  tubular  structure  renders  it  unlike 
any  known  land-plant ;  and  the  only  other  fossil  found  yet,  to  which 
it  can  be  compared,  is  the  Pyritonema  of  Prof.  M'Goy,  placed  by  him 
iiBCADs  in. — ^voL.  ni.^NO.  Yin.  22 
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amongst  the  Zoophytes,  though  its  true  nature  is  still  a  matter  of 
much  doubt" 

Being  desirous  of  ascertaining  the  true  oharaoter  of  Eophyton 
explanatuniy  I  applied  to  Dr.  Hicks,  who  very  kindly  at  once  for- 
warded to  me  the  original  specimen,  as  well  as  two  microscopic 
sections  which  had  been  prepared  from  it,  and  these  Tery  distinctly 
showed  that  Dr.  Hicks  was  quite  correct  in  his  later  comparison  of 
the  fossil  to  the  Pyritonema  of  M*Coy.  I  have  also  been  enabled  to 
compare  it  with  the  type  specimen  of  Hyaloatelia  (P,)  fasdcultu,  M'Coy, 
belonging  to  the  Cambridge  Woodwardian  Museum,  which  was  kindly 
lent  to  me  by  Prof.  T.  McKenny  Hughes,  and  also  with  examples  of 
the  same  species  in  the  British  Natuml  History  Museum,  the  Jermyn 
Street  Museum,  and  others  kindly  forwarded  to  me  by  Mr.  G.  H. 
Morton,  F.G  S.,  from  Pont  Ladies,  Llandeilo. 

Dr.  Hicks's  specimen  is  shown  on  the  fractured  surface  of  a  slab  of 
hard  black  shale,  which,  judging  from  the  distorted  forms  of  the 
Brachiopods  in  it,  must  have  been  strongly  compressed.  It  has  the 
appearance  of  an  elongated,  slightly  convex  band  with  delicate  longi- 
tudinal strisB  or  ribs.  The  bimd,  which  is  about  5'5  mm.  in  width 
and  1*5  mm.  in  thickness,  can  be  traced  continuously  in  a  nearly 
straight  direction  throughout  the  slab  ;  in  one  place  it  is  slightly  bent 
and  traversed  obliquely  by  an  incomplete  fracture,  which  was  sup- 
posed by  Dr.  Hicks  to  be  a  joint  in  the  stem,  but  which  probably 
arises  from  compression  in  the  rock.  The  band,  for  some  distance, 
is  enveloped  by  a  thin  coating  of  the  shaly  matrix,  supposed  to  have 
been  a  cortical  tissue ;  where  this  is  absent,  the  constituent  spicular 
rods  are  clearly  exposed. 


/A. 


Fio.  1.  Eophyton^  explanatum,  RicVb  ^  ffyahstelia  faseieulu»y^*Coy,gp,    Trans- 
verse section  of  the  bundle- of  spicular  rods.    From  Dr.  Hicks's  type-specimen. 
,,   la.  The  same,  showing  longitudinid  sections  of  some  of  the  rods. 
„   2.  A  single  spicular  rod  of  Hyalonema  mirabile.  Gray.    The  figoies  toe  all 
drawn  to  the  same  scale  of  eight  diameters. 

The  apparent  band  is,  in  fact,  a  bundle  of  solid,  elongated,  cylin- 
drical spicular  rods,  disposed  parallel  to  each  other,  and  for  the  most 
part  in  close  contact,  but  without  any  organic  connection  with  each 
other.  In  some  instances  the  rods  are  compressed  together  so  as  to 
become  partially  flattened,  but  originally  they  appear  to  have  been 
circular  in  transverse  section.  The  minute  interspaces  occasionally 
intervening  between  the  rods  are  filled  by  the  rock-matrix,  and  there 
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are  no  traces  of  any  enveloping  stmctnre  inclosing  the  bundle.  The 
rods  vary  from  '15  to  *5  mm.  in  thickness,  they  are  now  of  chalce- 
donic  silica,  and  for  the  most  part  solid  throughout,  in  only  a  single 
instance  did  I  see  an  indication  of  an  axial  canal.  Delicate  wrinkled 
lines  cross  the  rods  transversely  and  apparently  represent  the  slight 
projecting  frills  met  with  in  other  specimens. 

In  all  important  characters.  Dr.  Hicks's  specimen  so  closely  re- 
sembles the  typical  example  of  Hyahstelia  (Pyritonema)  fasciculus^ 
M'Coy,^  that  there  is  no  reason  to  regard  it  as  specifically  distinct 
The  individual  rods  do  not  reach  the  maximum  thickness  of  some  of 
those  in  the  typical  form  of  the  species,  but  the  differences  are  not  so 
great  as  to  be  of  specific  value. 

Having  established  the  similarity  between  these  forms,  it  is  desir- 
able to  point  out  that  the  relationship,  indicated  by  M'Coy,  of  Pyri- 
t(mema  fasciculus  to  the  glass-rope  of  Hyalonema  mirabile,  Gray,  is  of 
a  genuine  character.  This  has  been  called  in  question,  amongst  others, 
by  Prof.  G.  Lindstrom,*  who  states  that  M*Coy*s  species  **  is  nothing 
but  a  silicified  and  consequently  somewhat  altered  Heliolites.  It 
must  be  confessed  that  the  purely  diagrammatic  figure  given  by 
M*Coy  (Brit  Pal.  Foss.  pi.  i.  B,  fig.  13a)  might  readily  give  rise  to 
this  conclusion.  Prof.  F.  Boemer'  also  states  that  the  systematic 
position  of  the  genus,  in  which  species  allied  to  the  present  one  are 
placed,  is  very  uncertain.  I  also  found  the  specimens  of  this  species 
in  the  Jenny n  Street  Museum,  placed  with  the  Annelida  of  the 
Llandeilo  group,  probably  on  account  of  their  close  resemblance  to 
Hyalostelia  (Serpida)  paraUela,  MK^oy,  sp.,  from  which  they  can 
hardly  be  distinguished. 

At  the  time  when  M'Coy  compared  Pyritonema  fasciculus  with  the 
rope  of  Hyalonema  mirahile,  Gray,  the  true  spouge  nature  of  this 
latter  form  was  stoutly  denied  by  Dr.  Gray,  who  then  regarded  the 
rope  as  the  skeleton  of  a  Zoophyte,  and  M*Coy  also  adopted  this 
opinion.  It  is  now  well  known  that  ropes  or  tufts  of  long  spicular 
rods  are  common  appendages  in  many  of  the  deep-sea  hexactinellid 
sponges,  and  the  resemblance  of  these  to  the  fossil  forms  is  very 
striking. 

In  both  recent  and  fossil  examples  there  is  a  similar  form  and  arrange- 
ment of  the  spicular  rods  in  bundle^ ;  the  rods  correspond  in  dimen- 
sions, in  their  siliceous  composition,  and,  when  the  fossil  forms  are  well 
preserved,  in  the  possession  of  axial  canals,  and  even  the  concentric 
layers  of  the  rods  can  be  seen.  In  some  species,  though  not  in  the 
present  one,  some  of  the  fossil  rods  terminate  in  four  recurved  hooks, 
precisely  as  in  the  recent  examples.  In  another  structural  feature 
also,  which  has  not  hitherto  been  particularly  noticed,  there  is  a 
well-marked  correspondence  between  Hyalostelia  fasciculus  and  the 
recent  Hyalonema  mirahile.  This  is  the  occurrence,  on  the  surface 
of  some  of  the  rods,  of  minute  annular  or  spiral  projecting  ridges 
or  frills,  which  look  like  so  many  wrinkled  lines  crossing  the  rods. 
The  frilled  rods  are  irregularly  interspersed  in  the  same  bundle  with 

1  Brit  Pal.  Foss.  p.  10,  pi.  L  S.  fig.  13. 

2  Bih.  till  E.  Svenska  Vet.  Akad.  Handl.  Bd.  8,  No.  9,  1883,  p.  13. 

3  Lethsea  Palseozoica,  1880,  p.  318. 


Digitized  byVjOOQlC 


340        Prof,  P.  Martin  Duncan-- A  New  Oolitic  Coral 

others  haviDg  smooth,  even  surfaoes,  in  some  cases  most  of  the  rods 
are  provided  with  frills,  whilst  in  others  there  is  only  ahont  one  in 
ten  or  twenty  with  them.  In  the  recent  Syalonema  mirabiU  some 
of  the  spicnlar  rods  are  also  provided  with  projecting  spiral  fringes 
of  a  similar  character  to  those  in  the  fossil  form,  but  when  perfect 
the  frills  are  armed  with  minute  spines. 

At  present,  definite  hezactinellid  spicules  have  not  been  found  in 
the  same  strata  with  H.  fascictduB,  but  this  negative  fact  can  hardly 
be  employed  as  an  argument  against  the  sponge-character  of  the 
spicular  bundles.  As  these  latter  were,  in  the  life-time  of  the  sponge 
itself,  imbedded  in  the  muddy  bottom  of  the  ocean,  they  were  not 
liable  to  be  disturbed  and  dispersed  after  the  death  of  the  animal,  in 
the  same  manner  as  those  of  the  body  of  the  sponge,  and  this  same 
fact  will  also  account  for  the  preservation  of  the  ropes  or  bundles  of 
spicules  with  their  constituent  spicular  rods  in  their  natural  positions. 

The  specimen  discovered  by  Dr.  Hicks  in  the  Tremadoc  rocks  of 
Wales  thus  establishes  the  presence  of  siliceous  hexactinellid  sponges 
with  imchoring  appendages  of  bundles  of  spicular  rods,  at  this 
horizon,  and  the  same  species  also  occurs  at  Trefil  and  at  Pont  Ladies 
in  the  Llandeilo  rocks. 

Allied  species  of  Hyalostelia  are  recorded  by  Nicholson^  and 
Etheridge  from  Ordovioian  strata  in  the  Girvan  area ;  by  Prof.  Ferd. 
Boemer*from  Lyckholm  strata  (=  Bala)  in  Esthland,  and  in  the  drift 
of  Sadewitz ; '  and  they  are  very  abundant  in  Lower  Carboniferous 
beds  in  Scotland,  Ireland,  and  Yorkshire. 

The  genus  Hyalostelta,  in  which  the  Pyritonema  fascictdus,  M'Goy, 
is  now  placed,  was  proposed  by  Zittel  *  to  include  sponges,  with  an 
upper  portion  of  regular  hexactinellid  spicules  and  an  anchoring 
appendage  of  elongated  spicular  rods. 

In  conclusion  mention  may  be  made  that  Dr.  Hicks  has  presented 
his  original  specimen  to  the  British  Natural  History  Museum. 

11. — On  a  New  Spkoies  op  Axosmilia  {A.  elonqata)   from  thb 

Pea  Grit  oi*  the  Inferior  Ooute  of  England. 

By  Professor  P.  Mabtin  Doncan,  M.B.  (Lond.),  F.R.S.,  etc 

MANY  years  since,  Mr.,  now  Prof.,  Ealph  Tate  gave  me  a  small 
slender  coral,  which  he  had  obtained  from  the  Pea  Grit  of  the 
West  of  England.  I  had  just  completed  the  Supplement  to  the 
British  Fossil  Corals,  Pal.  Soc,  so  the  fossil  has  remained  undescribed. 

It  has  lately  been  determined  to  publish  a  new  edition  of  the  late 
Prof.  J.  Morris's  Catalogue  of  British  Fossils,  and  therefore,  in  order 
to  render  the  Madreporarian  part  of  that  work  as  complete  as  is 
possible,  I  have  studied  and  now  describe  the  species. 

The  specimen  is  well  preserved,  except  in  the  calice,  but  the 
deficiency  is  compensated  by  an  excellent  section  close  below. 

The  narrow  peduncle  of  the  form  has  been  broken  from  its  attach- 
ment, and  there  are  no  structures  which  denote  that  the  form  was 

^  Mon.  Sil.  Fos.  Girvan,  fasc.  ii.  p.  239,  pi.  xix.  figs.  1-ld. 
'  Lethsa  palsDOzoica,  1880,  p.  318. 
>  Foss.  Fauna  Yon  Sadewitz,  p.  65,  pi.  yiL  figs.  7a,  73. 
^  Handbuch  der  Pal.  vol.  i.  p.  185. 
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otherwise  than  a  simple,  tall  individual,  attached,  like  many  simple 
corals,  to  a  foreign  body.  The  epitheca  is  strong,  and,  as  is  usual  in 
the  genus,  is  remarkably  ringed  with  bourreleta  d'accraiaaement,  or 
growth-rings,  so  that  the  surface  is  tumid  and  constricted  consecu- 
tively about  thirteen  times  in  the  height  of  37  mm.  No  abrasion  of 
the  epitheca  has  occurred,  and  there  are  therefore  no  septa  to  be  seen 
on  the  flanks  of  the  coral  from  wearing  in.  The  inside  of  the  coral 
is  filled  with  a  brown  homogeneous  calcite,  and  the  septa  and 
columella  are  white  in  colour.  The  condition  of  preservation  is 
very  fair,  but  it  appears  that  some  destructive  action  proceeded, 
for  a  septum  of  the  fourth  order  is  missing  here  and  there,  a  fifth 
being  present. 


Axtmnilia  elongata,  sp.  nov..  Pea  Grit,  West  of  Eneland.    1 .  Transverse  section 
(enlarged  five  times).     2.  Interior  (natnral  size). 

Axosmtlia  etongata^  sp.  nov. —  Corallum  simple,  tall,  straight, 
cylindrical,  with  a  small  peduncular  attachment  which  leads  upwards 
to  a  conico-cylindrical  stem,  terminating  in  a  cylindrical  top ;  diameter 
one-fifth  of  the  height 

Epitheca  strong,  marked  with  narrow  rings  and  alternate  swellings 
and  constrictions.  Wall  merging  into  the  epitheca,  epithecate  wall 
thin.     Galicular  section  nearly  circular  in  outline. 

Septa  well  developed,  eight  long  and  stout  reaching  the  small, 
essential,  styloid,  slightly  compressed  columella.  Six  of  these  are 
primaries  and  two  are  secondaries,  the  other  secondaries  being 
smaller.  Tertiary  septa  long,  slender,  and  often  having  a  paliform 
knob  at  the  inner  end,  not  always  straight  The  higher  orders  are 
small  and  somewhat  irregularly  developed  (unless  absorption  of  some 
others  has  taken  place).  The  bases  of  the  septa  at  the  thin  wall  are 
large,  and  the  laminsd  become  slender  towards  the  columella.  Pro- 
bably the  correct  cyclical  arrangement  is  four  systems  with  four 
cycles,  and  two  systems  with  three  cycles  and  part  of  a  fourth,  but 
the  following  can  be  seen. 

Two  systems  with  three  cycles  of  septa  and  one  septum  of  the 
fourth  order  in  each.  Two  systems  with  four  cycles  complete,  the 
fourth  and  fifth  orders  of  the  fourth  cycle  being  placed  as  is  usual  in 
other  Madreporaria.  A  system  with  three  cycles  and  two  members 
of  a  fourth  cycle,  but  in  one  half-system  there  is  a  septum  of  the 
fourth  order,  and  in  the  other  half-system  there  is  no  septum  of  the 
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fonrth,  bnt  there  is  one  of  the  fifth  order;  this  being  anomalons,  it  is 
probable  that  the  fourth  order  of  the  half-system  has  been  lost. 

A  system  with  three  cycles  complete  and  the  fourth  cycle  repre- 
sented by  septa  of  the  fourth  and  fifth  orders  in  one  half  and  by  a 
septum  of  the  fourth  order  only  in  the  other  half-system. 

Endotheca  scanty.  Costss  absent  Height  87  mm.  Breadth  of 
section  6  mm. 

The  distinctness  of  the  species  from  AxoBmUia  Wrighti,  Ed.  &  H., 
is  evident ;  but  the  incomplete  cyclical  arrangement  of  the  septa  allies 
the  species  to  A,  extinetoriumy  Mich.,  sp.  The  tertiary  septa  of  this 
last  species  are  said  by  Ed.  &  Haime  to  unite  with  the  secondaries 
close  to  the  columella ;  this  does  not  occur  in  the  new  form,  which 
moreover  has  little  knobs  resembling  paliform  lobes  at  the  inner 
ends  of  some  septa  as  seen  in  the  section. 

The  question  arises  almost  of  necessity,  Was  this  coral  a  solitary 
or  simple  form  ?  The  straight  shape,  the  absence  of  lateral  adhesion 
markings,  and  the  deficiency  of  any  gemmation,  indicate  the  simple 
nature ;  moreover,  there  are  no  signs  of  continuity  between  the  base 
of  the  specimen  and  a  parent  stem.  Nevertheless,  it  must  be  re- 
membered that  certain  fasciculate  corals  might  present  pieces  of  a 
shape  similar  to  the  new  form ;  but  no  one  has  been  found  with  the 
special  characters  of  the  calicinal  section  described  above.  It  appears 
that  Milne  Edwards  and  Jules  Haime  were  correct  in  placing 
Axoamilia  amongst  simple  corals;  but  the  present  species  is  more 
elongate  and  less  expanded  superiorly  than  their  type.  The  new 
form  differs  from  all  others,  and  from  all  parts  of  forms  which  have 
been  described  from  the  Lower  Oolite  series. 

The  specimen  is  now  in  the  British  Museum. 

lU. — Mesozoio  Akoiobpebms. 

By  J.  8.  Gardner,  F.G.S. 

(PLATE  IX.) 

SINCE  the  article  on  Mesozoic  Angiosperms  was  written,*  a  very 
important  Sketch  History  of  "  PalsBobotany,"  by  Lester  F. 
Ward,  has  appeared  in  the  Fifth  Annual  Report  of  the  U.  S.  Geol. 
Survey,  a  brief  outline  of  which  cannot  fail  to  prove  of  interest  in 
connexion  with  this  subject.  The  object  of  the  sketch  is  to  collate 
and  reduce  the  fragmentary  and  desultory  mass  of  information  col- 
lected by  previous  writers  into  a  system  that  will  enable  geologists 
to  use  the  testimony  of  fossil  plants,  in  the  same  way  that  they 
habitually  use  that  of  fossil  animals.  The  author  laments  that 
botanists  and  palsdobotanists  have  worked  and  classified  almost 
wholly  independently  of  each  other,  the  former  having  consequently 
missed  such  important  data  for  classification  as  the  order  in  time  in 
which  each  type  appeared,  while  the  latter  have  failed  to  harmonize 
their  work  with  the  more  elaborate  and  best  botanical  systems,  and 
hence  greatly  lessened  its  practical  value.  "  Every  candid  palsao- 
botanist  must  admit  that  he  can  understand  fossil  plants  only  as 
they  resemble  living  ones,  and  that  the  botanist,  studying  the  per- 
^  See  Geol.  Mao.,  May,  1886,  pp.  193-204. 
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Fio.  1.  Falmwood  from  the  Gault,  Folkestone. 
Fio.  2.  Falmwood  from  Antigua,  W.  Indies. 
a.  tranBTerse  section.  b.  longitndinal  section. 


Fig.  3.  Stem  of  the  so-called  Calamitet  Beanii^  Bnnbury,*  from  the 
Inferior  Oolite  near  Scarborough,  <<  one  of  the  Arborescent  Gramines)  '* 
(Williamson). 

1  This  Ib  the  figure  referred  to  on  p.  202,  Geol.  Mao.  May,  1886,  as  having  been  loet.— Edit. 
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feot  speoimen  with  all  its  organs  of  reproduction  as  well  as  of 
nutrition,  oan  alone  declare  with  absolute  certainty  upon  its  identity 
or  affinity."  This  mutual  dependence  requires  recognition  at  the 
hands  of  scientific  men. 

The  interesting  collection  of  biographies  of  eminent  palseobotanists 
is  a  feature  of  the  work  which  can  be  but  briefly  alluded  to  here. 
The  names  that  stand  out  prominently,  and  to  whom  half  the  litera- 
tiure  is  credited,  are  Brongniart,  Goppert,  Unger,  Lesquereux,  Heer, 
Massalongo,  Ettingshausen  and  Saporta ;  but  the  biographies  are  22  in 
number,  and  include  the  names  of  our  countrymen  With'am,  Binney, 
Bunbury,  and  our  eminent  and  yet  living  contemporaries  Williamson, 
Dawson,  and  Carruthers.  Of  Prof.  Williamson,  he  says :  "  Of  the 
merits  of  this  work,  as  of  all  this  author's  investigations,  it  is 
certainly  unnecessary  to  speak  here."  Of  Dawson :  "  A  geologist 
rather  than  a  botanist,  he  has  done  excellent  service,  not  only  in 
elucidating  the  important  problems  of  Acadian  geology,  but  also  in 
demonstrating  the  value  and  legitimacy  of  the  evidence  furnished  by 
vegetable  remains."  The  value  of  Carruthers'  work  also  receives 
due  acknowledgment,  his  investigations  with  regard  to  fossil  fruits 
having  especially  "  widely  expanded  this  field  of  knowledge."  That 
Mr.  Ward  has  gracefully  acknowledged  our  indebtedness  to  these 
authors  no  one  will  dispute,  but  some  may  think  the  praise  in  other 
cases  has  been  a  little  indiscriminate,  and  that  a  more  critical  ex- 
amination into  the  quality,  as  well  as  the  bulk  of  the  work  produced, 
would  have  rendered  greater  service  to  botanists  who  may  require 
to  have  recourse  to  it. 

It  appears  that  Walch  (1769)  was  the  first  to  offer  anything  like 
a  nomenclature  of  fossil  plants,  though  a  few  terms  such  as  Zitho- 
xylon  had  for  some  time  previously  been  in  use.  Calamites  is  the 
only  one  of  his  names,  except  CarpoUthe$,  that  has  survived,  and 
this  was  applied  under  the  misconception  that  the  plants  in  question 
were  large  reeds.  Steinhauer  (1818)  was  the  first  to  apply  specific 
names  to  fossil  plants.  Schlotheim  soon  afterwards'  introduced, 
among  others,  two  terms  which  specially  interest  us,  Palmacitea 
and  Poacitea,  describing  respectively  15  and  4  species.  Sternberg^ 
established  the  genus  Flabellaria  (I  am  purposely  omitting  all  re- 
ference to  Cryptogamic  and  Gymnospeimous  genera,  in  order  to  con- 
centrate attention  on  the  successive  steps  by  which  our  knowledge 
of  fossil  Angiosperms  has  been  arrived  at),  and  assumed  three  periods 
of  vegetation,  that  of  Coal-plants,  that  in  which  Cycadean  types  pre- 
dominated, and  that  of  fucoids  and  dicotyledons,  corresponding  of 
course  with  the  three  ages  of  geology.  The  system  of  Martius,  which 
should  be  interestiog,  is  unfortunately  passed  over,  and  we  are 
broughl  down  to  Brongniart's  first  memoir,'  in  which  the  only 
genera  that  interest  us  are  Exogenites  and  Endogenttesy  to  include 
stems  whose  internal  organization  is  recognizable.  Many  Angio- 
spermous  fruits,  leaves  and  stems  had  been  figured,  and  more  or  less 
described,  before  this  time,  for  example  by  Parkinson  and  Mantell, 
but  none  scientifically.     In  1828  Brongniart's  "  Prodrome "  ap- 

^  Petrafactenkunde.  1820.  »  Flora  der  Vorwelt. 

'  M^m.  da  Musde  d*hist  Nat,  Paiis,  1822,  toL  yilL  pp.  209-210. 
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peared,  in  which  he  disoards  his  previous  artificial  classification,  and 
adopts  a  botanical  one.  The  Gymnospermons  were  separated  from 
the  Angiospermous  Phanerogams,  the  former  being  considered  inter- 
mediate between  the  Cryptogams  and  true  Phanerogams,  a  proposi- 
tion which,  though  placed  every  year  on  a  firmer  basis,  is  not  yet 
adequately  recognized  by  botanists.  Brongniart's  system  was  ac- 
cepted by  almost  all  writers  on  the  subject,  with  the  notable  excep- 
tion of  Lindley  and  Button,  who  indnded  Cycads  and  Conifers 
among  Ezogens  or  Dicotyledons,  a  method  still  followed,  unfor- 
tunately for  palasontologists,  by  some  of  the  ablest  botanists  of  the 
day.  They  further  included  Stigmaria,  Armtdaria  and  Asterophyllites 
among  true  Dicotyledons,  Noeggerathia  is  placed  among  the 
Palms,  and  Calamite$  is  attached  to  Juncus.  ''One  of  the  most 
remarkable  aberrations  of  the  book,"  Mr.  Ward  remarks,  "is  the 
pertinacity  with  which  the  authors  contend  for  the  existence  of 
Cactaceous  and  Euphorbiaceous  plants  in  the  Coal-measures."  They 
in  fact  utterly  ignored  the  principles  laid  down  by  Brongniart 
and  previous  writers,  and  entirely  dissented  from  tiie  theory  of 
progressive  development.  Cotta's  important  treatise  on  fossil  wood 
was  followed  a  year  later,  in  1883,  by  Witham's  work  on  the  same 
subject,  and  by  Zenker's'  description  of  Cretaceous  plants  from 
Blankenburg  in  the  Harz  district,  the  first  attempt  to  treat  dicoty- 
ledonous fossils  systematically.  In  1840,  Rossmassler  proposed'  to 
modify  Sternberg's  method  of  classifying  all  fossil  dicotyledonous 
leaves  as  PhylliteSt  substituting  a  compound  from  it  and  the  genus  to 
which  the  leaves  seemed  to  belong,  as  DaphnophyUiUa,  eta  Thence- 
forward the  plan  of  naming  and  describing  fossil  as  if  they  were 
real  plants,  became  definitely  adopted.  The  terms  CarpoUtkes, 
Fhyllitesy  etc.,  are  still  employed  where  there  is  absolutely  no  means 
of  assigning  a  fossil  to  any  definite  group  in  the  vegetable  kingdom, 
but  the  tendency  is  far  greater  towards  unwarrantably  assimilating 
leaves  with  living  genera  which  they  resemble,  than  the  employ- 
ment of  any  termination,  such  as  "  ites,"  «.g.  Pinitea,  to  suggest  that 
the  resemblance  may  be  only  apparent. 

Passing  on  to  the  question  of  classification,  the  result  of  palsBO- 
botanical  research  so  far  has  been  to  necessitate  certain  modifications 
in  order  to  bring  the  botanical  system  into  accord  with  the  succes- 
sive appearance  of  classes  of  plants  in  time.  The  grouping  that  best 
meets  this  requirement  is  according  to  Mr.  Ward : 

Cryptogams 

['GynmospermB      /Cycadacea 
<  ConifersB 
(Gnetaoen 
Phsnogams    <  i  MonocotyledonB  , 

Angiospemui        {  /  Apetalse 

( DicotyledoDB        <  Polypetals 
( OamopetaleB 

The  chief  modification  introduced  is  the  elevation  of  the  Gym- 
nosperms  to  the  rank  of  a  elaaa,  while  the  Monocotyledons  and 

*  Beitrage  znr  Natur^eechichte  der  TJrwelt,  Jena,  1833. 

'  Beitrage  zur  Verstemenmgskiinde,  yoL  i.  die  V.  des  BraunkohL  ans  der  Gegend 
Ton  Altsattel  in  B&hmen. 
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Diootyledons  are  reduced  to  Bvh'daases.  This  is  done  because  the 
distinction  between  open  and  closed  ovaries  is  regarded  as  a  class 
distinction,  and  Gymnosperms  are  not  dicotyledonous,  but  have  a 
variable  number  of  cotyledons  ranging  from  1  to  15.  The  conclusion 
that  Gymnosperms  form  a  natural  transition  from  Cryptogams  to  the 
higher  flowering  plants  has  been  arrived  at  by  Sachs  and  others 
quite  independently  of  the  evidence  of  fossils. 

Valuable  statistics  have  been  collected  as  to  the  actual  numbers 
of  species  described,  and  we  find,  so  far  as  Angiosperms  are  con- 
cerned, the  result  to  be  as  follows :  For  the  Carboniferous  8  or 
0-5  %,  Permian  3  or  0-97o,  in  the  Bunter  4  or  IS'2PL,  Keuper  1  or 
2'47o'  For  the  Jurassic  we  have  1  or  0.8  ^^/^  in  the  HhsBtic,  5  or 
3-7  *^/p  in  the  Lias,  9  or  2*1  ^^  in  the  Oolite,  and  inexplicably  enough 
only  1  or  0-8  %  in  the  Wealden.  The  absence  of  flowering  plants 
in  this  formation  is  one  of  the  mysteries  of  the  Geological  Record 
which  Mr.  Ward  does  not  elucidate.  Vast  delta  deposits,  such  as 
these,  composed  of  most  varied  kinds  of  sediments,  spread  over 
many  and  wide  areas,  in  places  teeming  with  plant  and  other  remains 
of  terrestrial  life,  would  appear  in  every  way  fitted  to  have  preserved 
fair  representative  examples  of  the  vegetation  of  the  period ;  yet, 
though  monocotyledonous  flowering  plants  must  have  been  far  from 
uncommon  then,  only  a  solitary  one  has  been  met  with.  To  the  close 
of  the  Jurassics  only  monocotyledonous  Angiosperms  are  found, 
but  with  the  Cretaceous  Dicotyledons  join  them,  and  the  per- 
centage gradually  increases  until  in  the  Laramie  it  reaches  37*5  ^/^^ 
a  figure  only  surpassed  in  the  so-called  Paleocene.  The  Eocene 
would  appear  the  age  of  Monocotyledons,  judged  by  the  16*8  *^/q, 
though  the  Miocene  possesses  no  less  than  272  species.  Mr.  Ward's 
tables  have  a  statistical  value,  and  enable  us  to  see  how  far  we 
are  advanced ;  but  it  is  needless  to  say  that  even  the  revision  of 
Mesozoic  Angiosperms  in  the  preceding  pages  of  this  Magazine  has 
profoundly  modified  the  per-centages  of  ^e  group  in  the  Jurassic. 
The  supposed  Carboniferous  and  Permian  Monocotyledons  rest  on  ^ 
wholly  unsatisfactory  material,  and  Angiosperms  cannot  at  present  i 
be  traced  with  any  approach  to  certainty  farther  back  than  the  J'^  ^ 
Mesozoic  period.  The  value  of  such  a  table  is  again  lessened  by 
the  possibilities  of  error  in  correlating  the  formations  of  the  two 
hemispheres.  If,  for  instance,  we  took  the  Lower  Cretaceous  of 
Europe,  we  should  have  a  complete  absence  of  Dicotyledons ;  but  if 
we  take  the  supposed  equivalent  of  the  Gault  in  America,  we  have  i  ^  ^ 
"  many  of  our  most  familiar  forms,  the  poplar,  the  birch,  the  beech,  ^ 
the  sycamore,  and  the  oak ;"  "  the  ^g  tree,  the  true  laurel,  the  sasa- 
fras,  the  persimmon,  the  maple,  the  walnut,  the  magnolia,  and  even 
the  apple  and  the  plum."  That  the  American  correlations  of  the 
Cretaceous  and  Eocene  deposits  of  the  Western  hemisphere  with 
ours,  are  faulty,  becomes  more  and  more  apparent,  and  that  many  of 
the  Dakotah  plants  actually  belong  to  the  genera  quoted  is  still 
more  open  to  question.  Destructive  criticism  will,  for  a  long  time  to 
come,  do  more  to  advance  this  study  than  any  additions  to  species, 
and  it  is  sincerely  to  be  hoped  that  Mr.  Ward  or  some  other  com- 
petent paUdobotanist  will  devote  himself  to  this  side  of  the  problem* 
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IV. — Notes  on  Some  Hohnblendk-Bbabikg  Books  fbok 
Inohnadahff. 

By  J.  J.  H.  Tball,  M.A.,  F.G.S. 

IN  the  present  oomniUDication  I  propose  to  describe  the  petro- 
graphical  characters  of  some  hornblende-bearing  rocks  which 
occur  as  intrusive  sheets  and  bosses  in  the  limestones  and  quartzites 
of  the  Assynt  district  These  rocks  have  been  referred  to  under 
various  names  by  the  different  writers  on  the  geology  of  the  district 
Prof.  Nicol  speaks  of  them  as  greenstone  *  and  trap,'  and  Sir  R. 
Murchison,  as  syenitic  greenstone.'  Mr.  Hudleston  ^  indicates  their 
character  more  definitely  by  speaking  of  them  as  a  **  kind  of  diorite." 
Prof.  Bonney,  in  an  appendix  to  Dr.  Callaway's  paper  "On  the 
Newer  Gneissic  Bocks  of  the  Northern  Highlands,"  describes  the 
microscopic  structure  of  a  specimen  from  the  Traligill  Bum  near 
Inchnadampf,  and  designates  the  rock  a  homblendic  porphyrite.  Dr. 
Heddle '  gives  some  valuable  information  as  to  the  distribution  of 
the  rocks,  and  calls  attention  to  the  perfection  of  form  exhibited  by 
the  hornblende  in  certain  varieties.  He  gives  a  figure  of  the  horn- 
blende which  shows  the  forms  (110),  (010)  and  (Oil).  With  regard 
to  the  relations  of  the  rocks  to  the  associated  strata  he  speaks  some- 
what doubtfully,  but  evidently  inclines  to  the  view  that  they  are 
intrusive.  That  this  is  the  case  seems  proved  by  the  absence  of 
vesicular  structure  and  associated  tuffs,  and  by  the  fact  that  although 
they  keep  as  a  rule  parallel  with  the  bedding,  cases  occasionally 
occur  in  which  they  can  be  seen  to  move  from  one  horizon  to  another. 

Mr.  Hudleston  has  remarked  on  the  fact  that  the  igneous  sheets 
have  been  involved  in  the  earth-movements  which  have  folded  and 
faulted  the  stratified  rocks,  so  that  the  date  of  intrusion  must  lie 
between  the  formation  of  the  limestones  and  the  production  of  the 
earth-movements  which  have  produced  such  striking  effects  in  this 
district. 

The  specimens  on  which  the  following  observations  are  based  were 
mainly  collected  by  myself  during  the  years  1883  and  1884.  I  am, 
however,  indebted  to  Prof.  Judd  for  the  loan  of  some  which  he 
collected.  Those  collected  by  myself  were  partly  obtained  from  the 
limestone  and  partly  from  the  quartzite.  Those  from  the  limestone 
came  from  the  bed  which  is  so  well  exposed  in  the  Stronchrubie 
escarpment  about  three-quarters  of  a  mile  south  of  Inchnadampf, 
and  from  the  low  ground  to  the  north  of  Inchnadampf,  where  the 
rock  is  exposed  in  many  places.  Those  from  the  quartzite  came  from 
two  localities ;  one  at  a  point  where  the  600-feet  contour-line  crosses 
the  southernmost  of  two  small  bums  which  run  into  the  Calda  Bum 
(Alt  a  Chalda  M6r)  near  the  most  southerly  portion  of  its  course, 
and  the  other  near  the  base  of  Beinn  an  Fhurain,  rather  more  than  a 
mile  E.S.E.  of  Inchnadampf.  Prof.  Judd*s  specimens  came  from  the 
neighbourhood  of  Inchnadampf,  and  from  a  point  on  the  Allt  nan 

1  Q.J.O.S.  1866,  p.  25.         »  Ibid.  1860,  p.  97.        *  Ibid.  1869,  p.  220. 
*  Geol.  Mao.  1882,  p.  392.         «  Mineralogical  Magazine,  1883,  p.  138. 
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Uamb,  south  of  Stronohrubie,  at  a  height  of  about  700  feet  above 
the  sea. 

Chaaaotebs  of  the  Book-Fobming  Minerals. 

Hornblende. — As  this  is  the  mineral  which  especially  characterizes 
the  rocks  in  question,  it  will  be  well  to  describe  it  in  the  first  place. 
It  must  be  remembered,  however,  that  this  does  not  imply  that  horn- 
blende is  always  the  most  abundant  mineral.  In  almost  all  cases  it 
occurs  in  well-formed  crystals.  The  larger  ones  are  found  in  the 
rock  associated  with  the  quartzite.  They  form  short  stout  prisms, 
which,  however,  so  far  as  my  observations  go,  are  not  terminated  by 
clinodomes  (Oil)  as  in  Dr.  Heddle's  figure,  but  by  the  positive  hemi- 
pyramid  (111)  and  the  basal  plane  (001).  The  forms  in  the  prismatio 
zone  are  (110)  and  (010).  The  smaller  crystals  occur  usually  in 
elongated  prisms,  and  can  only  be  studied  in  a  satisfactory  manner  by 
the  use  of  the  microscope.  Cross-sections  sometimes  show  the 
ortho-  (100)  as  well  as  the  clino-pinaooid  (010). 

The  larger  crystals  may  sometimes  be  completely  detached  from 
the  rock-mass,  and  are  of  such  a  size  that  their  angles  may  be  measured 
with  a  contact  goniometer.  In  all  cases  the  hornblende  is  green 
when  examined  in  thin  sections.  The  pleochroism  is  fairly  strong ; 
a  =»  pale-green  or  yellowish-green,  fi  and  7  •=  deep-green,  with 
only  slight  differences.  One  of  the  most  interesting  features  is  the 
presence,  in  certain  varieties  of  the  rock,  of  a  marked  zonal  banding, 
due  to  a  variation  in  depth  of  tint  in  the  successive  zones.  In  some 
crystals  a  very  large  number  of  zones  may  be  detected ;  in  others 
only  two,  and  in  others  the  crystal  appears  homogeneous.  All  these 
variations  may  be  seen  in  one  and  the  same  rock-section;  a  fact 
which  seems  to  show  that  the  crystals  have  not  been  simultaneously 
developed.  The  zones  are  in  all  cases  parallel  with  the  external 
boundaries  of  the  hornblende,  except  where  an  original  crystal  has 
been  obviously  fractured  and  a  fragment  only  is  present. 

Twinning  is  frequently  present,  and  the  most  common  type  is  that 
in  which  the  orthopinacoid  (100)  is  both  twin-plane  and  face  of 
composition.  Sometimes  repeated  twinning  on  this  plan  occurs,  so 
that  a  crystal  is  made  up  of  three  or  four  lamellsd. 

The  alteration  of  the  hornblende  is  accompanied  by  the  formation 
of  chlorite,  epidote,  and  opacite.  In  some  of  the  more  altered  rocks 
the  hornblende  is  entirely  represented  by  a  green  chloritic  aggregate, 
in  which  specks  of  opacite  are  abundantly  scattered.  In  these  cases 
the  form  of  the  original  hornblende  is  perfectly  preserved.  In  other 
cases  granular  epidote  is  associated  with  chlorite,  and  in  others 
epidote  occurs  to  the  exclusion  of  chlorite.  In  the  last- mentioned 
oases  the  original  form  is  often  lost 

Felspar, — -In  some  of  the  rocks  two  generations  of  felspar  may  be 
recognized.  The  larger  porphyritio  felspars  possess  sharply-defined 
crystalline  outline.  They  oocur  in  moderately  thick  tables,  with  con- 
spicuous development  of  the  clinopinacoid  (010),  and  often  show  a 
most  beautiful  zonal  banding  due  to  variation  in  the  optical  characters 
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of  snooessive  layers.  Twinning  according  to  the  albite,  perioline 
and  probably  also  the  Carlsbad  laws  occurs ;  but  it  is  not  very  cou' 
stant  or  uniform.  These  felspars  also  evidently  possessed  inclusions 
arranged  in  a  more  or  less  zonal  manner ;  but  the  original  nature  of 
these  inclusions  is  difficult  to  make  out  in  consequence  of  alteration. 
It  is  a  noticeable  fact  that  the  angles  of  the  inner  zones  are  mostly 
I'oundedy  although  the  external  faoes  of  the  cxystals  meet  in  perfectly 
sharp  angles.  In  some  specimens  in  which  the  felspars  of  the  first 
consolidation  have  been  so  altered  as  to  have  lost  to  a  veiy  great 
extent  their  definite  optical  characters,  irregular  scales  of  a  vividly 
polarizing  mineral  are  seen  to  be  scattered  through  the  crystals. 
These  scales  often  have  their  long  axes  arranged  in  a  zonal  manner, 
evidently  corresponding  with  the  original  structure  of  the  crystal. 
When  examined  with  a  high  power,  they  are  seen  to  possess  one 
strongly -marked  cleavage,  and  to  extinguish  parallel  with  this  cleavage, 
so  that  they  may  be  referred  with  confidence  to  a  white  mica,  pro- 
bably paragonite.  The  felspars  of  the  ground-mass  form  together 
with  quartz  a  microcrystalline  aggregate. 

In  a  large  number  of  rocks  only  one  generation  of  felspars  can  be 
detected.  When  this  is  the  case,  the  individuals  occur  as  irregular 
grains,  sometimes  of  considerable  size.  Mutual  interference  appears 
to  have  prevented  the  development  of  definite  form.  Twinning  on 
the  albite  plan  is  sometimes  present  and  sometimes  absent.  In  all 
cases  the  felspar-aggregate  plays  the  r61e  of  ground-mass,  and  horn- 
blende crystals  lie  in  it,  wiUiout  any  regard  to  the  orientation  of  the 
individual  grains.  The  coarseness  of  this  aggregate  varies  between 
wide  limits,  sometimes  it  is  so  fine  as  to  merit  the  term  microcrystal- 
line, at  other  times  it  is  so  coarse  as  to  remind  one  of  the  structure 
of  a  medium-grained  granite.  In  some  of  the  thin  intrusive  sheets 
the  felspars  tend  to  assume  the  form  of  small  columnar  crystals, 
which  give  narrow  lath-shaped  sections,  but  even  in  these  cases  the 
outlines  are  not  well  defined. 

Pyroxene. — ^This  mineral  is  not  constantly  present.  It  is  pale  green 
when  examined  on  a  fractured  surface  of  the  rock,  but  perfectly 
colourless  in  thin  section.  It  occurs  in  somewhat  imperfect  crystals 
and  also  as  grains  and  granular  aggregates.  The  forms  of  the 
crystals  appear  to  be  those  characteristic  of  the  common  rock-form- 
ing augites.  The  maximum  extinction  in  the  prismatic  zone  is  about 
40*^.  The  only  cleavages  recognized  are  those  of  the  prism.  The 
mineral  has  been  especially  noticed  in  the  rocks  which  are  intrusive 
in  the  dolomitic  limestone ;  but  it  varies  very  much  in  quantity  even 
in  these,  sometimes  being  absent  altogether,  and  at  other  times  occur- 
ring more  abundantly  than  the  hornblende.  In  some  of  the  coarse- 
grained rocks  in  which  the  hornblende  attains  a  considerable  size  it 
occurs  as  inclusions  in  this  mineraL  As  a  good  deal  has  been  said 
about  the  secondary  origin  of  the  rock-forming  hornblende,  it  may 
be  as  well  to  state  that  no  doubt  whatever  can  exist  as  to  the  dis- 
tinctness of  the  hornblende  and  the  augite  in  these  rocks.  Fractured 
crystals  of  beautifully-zoned  hornblende  occur  in  the  porphyritio 
varieties,  and  this  must  be  regarded  as  absolutely  conclusive  in  favour 


Digitized  byVjOOQlC 


J.  J.  Harris  Teall — Hornblende-Bearing  Bocks.        349 

of  the  view  that  this  mineral  was  a  prodaot  of  the  consolidation  of 
the  original  magma. 

Apatite. — ^This  mineral  occurs  in  the  form  of  limpid  hexagonal 
crystals,  which  are  usually  four  or  five  times  longer  than  broad. 

Magnetite. — A  small  amount  of  original  magnetite  occurs  in  grains 
and  crystals.  The  opacite  (secondary  magnetite?)  which  occurs 
associated  with  the  chlorite  has  already  been  referred  to. 

Calcite  occurs  in  the  form  of  fine  dust  thickly  scattered  through 
some  of  the  more  altered  specimens,  and  also  as  large  crystalline 
plates  in  sections  which  contain  the  colourless  pyroxene.  It  is  pos- 
sible that  the  portions  of  crystalline  calcite  may  be  fragments  of  the 
limestone  caught  up  by  the  igneous  magma  at  the  time  of  its  intrusion. 

Epidote  has  already  been  referred  to  in  describing  the  alteration  of 
the  hornblende.  It  is  difficult  to  say  whether  all  the  epidote  has 
been  formed  in  this  way. 

QtMTtz  is  present  as  a  secondary  and  probably  also  as  a  primary 
constituent  in  some  varieties  of  the  rock. 

Mica  arises  in  connection  with  the  alteration  of  felspar,  and  it  is 
sometimes  found  associated  with  ill-defined  aggregates  of  epidote. 

Desobiption  of  the  Books. 

Macroscopic  examination  shows  that  the  above  minerals  oocur  in 
very  different  proportions  in  the  different  varieties  of  the  rock.  In 
some  the  hornblende  is  very  abundant,  and  these  as  a  rule  have  a 
granular  aspect;  in  others  it  is  comparatively  scarce.  The  latter 
usually  contain  two  generations  of  felspar  and  have  a  marked  por- 
phyritic  aspect  For  the  purpose  of  description  we  will  term  lliem 
hornblende  porphyrites,  and  the  former  diorites.  It  must  be  remem- 
bered, however,  that  the  diorites  tend  to  become  porphyritic  by  the 
conspicuous  development  of  hornblende ;  such  varieties  will  be  termed 
porphyritic  diorites.  The  diorites  also  present  us  with  varieties  of 
texture  depending  on  the  coarseness  of  the  grain.  In  some  the  con- 
stituent minerals  may  be  easily  recognized,  in  others  they  are  so 
small  as  to  require  the  microscope  for  their  determination.  The 
latter  occur  in  the  thin  sheets  and  at  the  margins  of  the  intrusive 
masses. 

In  the  porphyritic  diorite  near  the  base  of  Beinn  an  Fhurain  con- 
cretionary patches  occur  which  are  more  coarsely  crystalline  and 
richer  in  hornblende  than  the  main  mass  of  the  rock.  In  these 
patches  as  in  the  main  mass  an  aggregate  of  felspar  individuals  plays 
the  role  of  ground-mass.  As  a  rule  the  outlines  of  the  inclusions  are 
smooth  and  curvilinear,  but  sometimes  the  large  hornblende  crystals 
project  for  a  short  distance  into  the  main  mass  of  the  rock.  It  is 
clear  that  we  have  here  phenomena  similar  to  those  described  by  Mr. 
Phillips  ^  in  the  case  of  the  granites.  The  inclusions  in  the  rock 
now  under  consideration  agree  with  those  described  by  Mr.  Phillips, 
(1)  in  form ;  (2)  in  being  more  basic  in  composition  than  the  main 

^  **  On  Concretionary  Patches  and  Fragments  of  other  Rocks  contained  in 
Granite,"  Q.J.G.S.  yol.  xxxtl  p.  1 ;  and  "  Additional  Note  on  Certaia  Inclunoni 
in  Granite,"  Q.J.G.S.  toI.  xxziriii.  p.  216. 
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mass  of  the  rook ;  and  (3)  in  the  fact  that  large  crystab  sometimes 
project  from  the  inclusion  into  the  ground-mass. 

The  following  analyses  will  give  some  idea  of  the  variation  in  the 
chemical  composition  of  these  rocks. 


I. 

II. 

III. 

AlaOs 

63-41 

64-09 

62-47 

16-92 

16-02 

1216 

FeaOs 

2-67 

4-12 

8-47 

FeO 

2-96 

616 

6-23 

CaO 

4-32 

7-72 

9-71 

MgO 

2-08 

7-28 

9-94 

NaaO 

6-18 

1-99 

2-81 

K2O 

2-36 

3-66 

2-26 

H,0 
CO, 

::::    }'<^i»— 

/     1-49 
•••     \      — 

1-62 
•64 

100-64  100-39  100*20 

I.  Homblende-porpbyrite,  introfliTe  in  quartzite,  base  of  Beinn  an  Fhniain. 
II.  Porphyritic-aionte,  base  of  Beinn  an  Fhnrain. 
III.  Plf^odase-pyroxene-homblende  rock,  near  Inchnadampf,  introsiTein  limestone. 

Titanic  acid,  phosphoric  acid,  and  manganese  are  present  in  the 
above  rocks,  but  have  not  been  determined.  They  have  therefore 
been  weighed  with  SiO>,  Al^Os)  and  F6,0s.  Specimen  I.  contains 
two  generations  of  felspar,  and  is  a  typical  porphyritic  rock. 
Specimen  IL  contains  only  one  generation  of  felspars.  The  horn- 
blende is  more  abundant  than  in  L,  and  sometimes  occurs  in  good- 
sized  porphyritic  crystals.  Specimen  III.  differs  from  the  others  in 
containing  a  large  amount  of  colourless  pyroxene. 

It  is  seen  to  be  richer  in  lime  and  magnesia,  but  not  richer  in  iron. 
In  all  probability  the  pyroxene  is  a  nearly  pure  lime-magnesia 
bisilicate,  and  one  is  tempted  therefore  to  ask  whether  it  may  not  be 
due  to  the  absorption  by  the  igneous  magma  of  k  certain  amount  of 
the  dolomitic  limestone  into  which  the  rock  has  been  intruded.  The 
sporadic  manner  in  which  the  pyroxene  occurs  is  in  favour  of  the 
view  here  suggested.  As  telling  somewhat  against  this  view  we  have 
to  mention  the  frequent  occurrence  of  a  colourless  pyroxene  in  the 
more  basic  plagioclase-homblende  rocks,  as,  for  example,  in  some  of 
Prof.  Bonney's  homblende-picrites  *  and  the  allied  rocks  of  War- 
wickshire described  by  Mr.  Allport  as  diorites.* 

One  very  interesting  feature  which  a  comparison  of  the  different 
varieties  of  diorite  brings  out  is  the  variation  in  the  state  of  crystal- 
lization in  the  ground-mass.  In  the  compact  rocks  the  individual 
felspars  are  minute,  and  give  more  or  less  lath-shaped  sections.  It 
is  impossible  to  determine  the  precise  character  of  the  original 
ground-mass  in  consequence  of  alteration,  but  it  evidently  approxi- 
mated to  that  of  the  hornblende  andesites.  In  the  medium -grained 
rocks  the  microstructure  of  the  ground-mass  is  thoroughly  granitic. 
Here  then  we  see  a  grc^latlon  exactly  similar  to  that  described  by 

^  On  the  so-called  Diorite  of  little  Knott,  with  further  remarks  on  the  oocnrrence 
of  Picrites  in  Wales,  Q.  J.  G.  S.  vol.  xli.  p.  611. 
2  On  the  Diorite  of  the  Warwickshire  Coal-field,  Q.  J.  G.  S.  vol.  xxxv.  p.  637. 
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Messrs.  Hagne  and  Iddings  ^  as  oooarring  in  the  diorites  and  horn- 
blende-andesites  of  the  Washoe  distriot. 

A  speoimen  of  a  fine-grained  rock  collected  by  Prof.  Judd  shows 
a  curioas  spotted  or  variolitio  structure.  The  rock  is  much  altered, 
and  it  is  therefore  impossible  to  ascertain  its  original  character.  The 
spots  and  the  main  mass  of  the  rook  both  contain  needle-shaped 
pseudomorphs  after  hornblende  and  a  microcrystalline  ground-mass. 
The  hornblende-needles  are  not  arranged  in  any  definite  manner  in 
relation  to  the  spots ;  sometimes  a  needle  may  be  observed  with  one 
end  in  a  spot,  and  the  other  in  the  ground-mass  of  the  rock.  The 
external  boundaries  of  the  spots  are  not  defined  by  a  sharp  line,  and 
where  two  or  more  spots  coalesce,  there  is  no  line  of  separation 
between  them.  Where  the  spots  are  best  defined,  they  consist  of  a 
central  more  or  less  spherical  portion,  which  is  rendered  nearly  opaque 
by  opacite  dust,  and  a  marginal  portion  in  which  the  ground-mass  is 
nearly  colourless.  The  structure  appears  to  be  analogous  to  that  of 
the  yariolitic  diabases. 

COMPABISON  OF  THX  BoOKS  WITH  AlLIBD   BoOKS  OF  OTHIB 
DiSTBIOTS. 

The  plagioclase-hornblende  rocks  form  a  very  difiicult  and  some- 
what unsatisfactory  group.  In  some,  as,  for  example,  the  epidiorites 
of  Giimbel,  the  hornblende  is  undoubtedly  secondary ;  in  others,  in- 
cluding the  rocks  now  under  consideration,  it  is  certainly  original. 
As  the  question  of  the  origin  of  the  hornblende  is  one  of  the  greatest 
interest  in  relation  to  the  past  history  of  the  rocks  themselves 
and  of  those  portions  of  the  earth's  crust  of  which  they  form  a 

Eart,  it  becomes  of  importance  to  separate  those  in  which  horn* 
lende  is  secondary  from  those  in  which  it  is  a  product  of  the 
consolidation  of  an  igneous  magma.  Mr.  Allport'  has  shown 
that  in  certain  plagioclase-hornblende  rocks  surrounding  the  Land's 
End  mass  of  granite,  the  hornblende  is  wholly  secondary  after 
augite.  Such  rocks  have  therefore  no  affinities  with  those  now 
under  consideration.  The  same  observer  has,  however,  described 
certain  plagioclase-hornblende  rocks  (diorites)  from  Warwickshire,' 
in  which  &e  hornblende  is  mainly  originid.  These  rocks  have 
certain  points  of  resemblance  with  those  above  referred  to.  The  War- 
wickshire rocks  are,  as  a  rule,  much  altered ;  but  Mr.  Allport  was 
fortunate  enough  to  obtain  one  specimen  from  Marston  Jabet  which 
was  absolutely  fresh.  It  was  mainly  composed  of  long  prisms  of 
well-formed  hornblende  set  in  a  crystalline  aggr^ate  of  plagioclase. 
This  rock,  therefore,  is  closely  allied  to  some  of  those  described  in 
this  paper.  Another  point  of  resemblance  between  the  Warwick- 
shire rooks  and  those  from  Assynt  is  the  occurrence  in  both  of  a 
colourless,  or  nearly  colourless,  pyroxene,  in  association  with  hom- 

1  On  the  Development  of  Crystallization  in  the  Igneous  Rocks  of  Washoe,  Neyada, 
Bnll.  U.  8.  Geol  Survey,  No,  17, 1886. 

'  On  the  Metamorphic  Rocks  surrounding  the  Land's  End  Mass  of  Granite, 
Q.  J.  O.  S.  vol.  xxjdi.  p.  407. 

»  Q.  J.  G.  S.  voL  xxxT.  p.  637. 
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blende.  There  are,  however,  some  important  points  of  differenoe. 
ITie  original  hornblende  of  the  Warwickshire  rooks  is  brown,  and 
where  it  occurs  abundantly  is  in  the  form  of  large  ophitic  plates  con- 
taining inclusions  of  lath-shaped  felspar.  In  the  Assynt  rocks  the 
hornblende  is  green,  and  appears  in  all  cases  to  have  preceded  the 
felspar  in  the  order  of  consolidation.  Again,  some  of  the  Warwick- 
shire rocks  contain  numerous  peeudomorphs  after  olivine,  whereas 
no  trace  of  this  mineral  has  been  detected  in  any  of  those  from 
Assynt  The  ophitic  character  of  the  hornblende  and  the  presence 
of  olivine  both  point  to  the  conclusion  that  some  of  the  Warwick- 
shire rocks  are  more  basic  in  composition  than  any  yet  found  in 
Assynt  Many  of  the  Anglesea  **  diorites  **  bear  the  closest  relation 
to  the  corresponding  rocks  from  Warwickshire.  They  consist  of 
brown  hornblende  often  passing  into  green,  a  colourless  pyroxene, 
plagioclase  and  magnetite  or  ilmenite.  By  the  coming-in  of  olivine 
and  the  dying-out  of  the  felspar,  these  rocks  shade  into  Professor 
Bonney's  hornblende-piorite.  Mr.  Tawney^  has  described  similar 
rocks  from  the  Lleyn  peninsula,  Caernarvonshire,  under  the  name  of 
hornblende-diabase.  An  interesting  little  boss  of  "  diorite  "  oocurs 
on  the  right-hand  side  of  the  footpath  leading  from  Mount  Sorrel  to 
Swithland  (Leicestershire),  and  just  outside  Brazil  Wood. 

This  boss  projects  through  the  soil,  and  measures  only  a  few  yards 
across.  It  varies  considerably  in  texture,  some  parts  being  oom- 
posed  of  a  medium-grained  granular  rock,  and  others  containing 
large  hornblende  cxystals  or  plates.  Prof.  Bonney  has  described 
the  rock  of  this  knoll  as  follows  :  "  Under  the  microscope  the  latter 
mineral  [hornblende]  is  seen  to  occur  in  irregular  grains,  plate-like 
in  section,  pierced  and  intersected  by  the  plagioclase  [ophitic]  with 
a  little  iron  peroxide  (?  some  of  it  ilmenite).  The  hornblende  with 
transmitted  light  is  both  brown  and  green  in  colour,  and  much  of  it 
and  of  the  felspar  is  still  in  good  condition.  Here  and  there  patches 
of  the  pale  fibrous  actinolitic  variety  occur,  associated  with  a  mineral 
rather  like  a  fibrous  variety  of  serpentine.  These  last  are  certainly 
secondary  products,  and  much  resemble  a  variety  common  in  the 
altered  Cornish  gabbros.  Most  of  the  larger  hornblende  is  strongly 
dichroic.  Some  of  the  brown  variety  resembles  biotite.  One  or 
two  pieces  indeed  appear  from  their  optical  properties  to  be  that 
mineral.  There  is  a  little  calcite  with  characteristic  cleavage.  The 
plagioclase  often  shows  brilliant  colours  and  characteristic  twinning, 
with  occasional  indications  of  a  zonal  structure." 

My  slide  of  rock  from  the  same  locality  agrees  with  Prof.  Bonney 's 
description,  but  contains,  in  addition  to  the  minel^ls  which  he  has 
mentioned,  a  colourless  pyroxene.  This  brings  the  rock  into  the 
closest  relation  with  some  of  Mr.  Allport's  diorites  from  Warwick- 
shire, with  the  Anglesea  "  diorites,"  and  with  Mr.  Tawney's  horn- 
blendic-diabases  from  the  Lleyn  peninsula.  I  would  suggest  that,  for 
convenience  of  description,  we  should  use  a  special  locality  as  a 

>  Woodwardian  Laboratory  Notes,  Geol.  Mag,  Decade  II.  VoL  VII.  pp.  212  and 
467;  also  Vol.  IX.  p.  648. 
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means  of  doBignating  rooks  of  this  kind,  and  as  this  appears  to  be  the 
only  variety  of  diorite  which  is  found  in  the  boss  at  Brazil  Wood, 
it  might  be  termed  the  Brazil  Wood  type  of  diorite.  If  we  do  this, 
we  may  then  state  that  diorites  of  the  Brazil  Wood  type  occur  in 
Warwickshire  associated  with  Cambrian  strata,  and  also  in  Anglesea, 
the  Lleyn  Peninsula,  and  the  Lake  District  It  is  worthy  of  note 
that  in  no  single  instance  is  a  diorite  of  this  type  known  to  be 
associated  with  Upper  Palaeozoic  or  later  strata  in  Britain.  I  have 
a  specimen  of  diorite  from  Glen  Tilt  (Perthshire)  of  the  same  general 
type,  but  can  say  nothing  about  its  mode  of  occurrence. 

The  dijBferences  between  diorites  of  the  Brazil  Wood  type  and 
those  from  Inchnadampf  described  in  the  present  paper  have  already 
been  referred  to.  The  interesting  fact  of  the  close  relation  of  these 
diorites  to  Prof.  Bonney's  homblende-picrites  has  also  been  pointed 
out 

V. — ^The  Bbookwood  Dkbp-Wbll  Sbction. 
By  the  Boy.  A.  iBYnra,  B.Sc,  B.A.,  F.G.S. 

THIS  section,  which  was  completed  last  year,  appears  of  such  value 
and  interest  to  students  of  the  Tertiary  strata  of  the  London 
Basin,  that  I  have  thought  it  worth  while  to  offer  a  description  of  it 
to  the  readers  of  the  Gkological  Maqazinb.  Through  the  courtesy 
of  Dr.  Barton,  the  Governor  of  the  Asylum,  I  have  had  free  access 
to  the  specimens  preserved  of  the  various  strata  passed  through,  and 
very  careful  use  of  them  has  been  made  in  the  preparation  of  the 
tabulated  statement  which  follows ;  much  of  the  information  having 
been  kindly  furnished  from  the  engineers  who  were  employed.  The 
Asylum  is  situated  at  Knap  Hill,  about  a  mile  and  a  quarter  from 
Brookwood  Station  on  the  South-Westem  Bailway,  and  is  on  the 
Upper  Bagshot  Sands.  The  mouth  of  the  well  is  in  the  valley  just 
below,  about  140  feet  above  O.  D.,  and  about  the  same  level  as  that 
at  which  the  Middle  Bagshot  Beds  occur  in  the  famous  Goldsworthy 
section,  which  furnished  Prof.  Prestwich,  some  forty  years  ago,  with 
the  clue  to  the  succession  of  the  beds  of  the  Bagshot  Formation.  It 
is  about  a  mile  and  a  half  distant  therefrom.  The  evidence  as  to 
the  horizon  in  the  Bagshot  Series,  at  which  the  well  commences,  is 
very  clear  to  those  who  are  familiar  with  the  stratigraphy.  The 
widely-extended  pebble-bed  at  the  base  of  the  Upper  Bagshot  Sands 
occurs  here  very  near  the  top  of  the  well,  and  I  saw  it  exposed  again 
at  about  the  same  level  in  an  excavation  made  by  the  side  of  the 
high  road  which  runs  along  the  western  side  of  the  Asylum  Estate. 
The  same  greenish  loamy  sand  was  intermingled  with  the  pebbles  in 
both  cases.  In  the  ploughed  field  a  stiff  yellow  loam,  such  as  so 
commonly  occurs  above  this  pebble-bed  in  the  Bagshot  area,^  crops 
out  in  the  valley  where  the  well  is  situated.  The  '  brown  sandy 
bed '  which  occurs  at  the  top  of  the  section  is  probably  a  portion  of 
this,  re-constructed  by  later  drift  action,  and  mingled  with  more 

^  ri(U  Q.J.G.S.  for  August,  1885,  pp.  493  (No.  2  of  the  Section). 
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sandy  materials  washed  down  iiom  the  sandy  strata  situated  at 
higher  levels  on  the  slopes  of  the  valley. 

In  attempting  to  classify  the  Bagshot  Beds  I  have  used  the 
grouping  adopted  in  descriptions  recently  published  of  other  deep- 
well  sections  ^  in  the  Bagshot  District  (those  namely  at  Wellington 
College,  Famborough  and  Mytchett),  and  for  the  reasons  there  given. 
A  comparison  of  this  section  with  those  brings  out  a  very  remark- 
able continuity  in  the  general  characters  of  the  Middle  and  Lower 
Bagshot  Beds,  though  tiiere  is  just  that  amount  of  variation  in  details 
which  we  should  be  led  to  expect  from  the  conditions  under  which 
they  appear  to  have  been  deposited.'  I  have  found  it  by  no  means 
easy  to  draw  a  line  between  the  Lower  Bagshot  Beds  and  the  London 
Clay,  for  there  is  no  abrupt  transition  from  one  to  the  other,  in  the 
description  given  below ;  while  a  careful  study  of  the  actual  speci- 
mens leaves  no  alternative  that  I  can  see  to  the  recognition  of  a 
gradual  passage  upwards  from  the  London  Clay  to  the  characteristic 
Lower  Bagshot  Sands.  The  resemblance  of  what  is  seen  here  to 
what  is  seen  in  the  specimens  from  about  the  same  horizon  in  the 
Wellington  College  well-section  is  very  close  indeed ;  and  is  in 
striking  contrast  with  the  abrupt  transition  between  the  two  forma* 
tions  which  I  have  observed  in  sections  already  described  at  Aldershot, 
Wokingham,  and  Bracknell,  on  the  marginal  portions  of  the  area. 

The  following  points  in  connection  with  this  section  (see  p.  355) 
appear  to  me  worthy  of  note. 

1.  The  apparent  gradual  passage  from  the  London  Clay  into  the 
Lower  Bagshot  Sands,  as  contrasted  with  the  abrupt  transition 
observable  in  the  Walton  section  recently  described  by  Mr.  Hudle- 
ston,*  and  in  those  on  the  marginal  portions  of  the  Bagshot  area  to 
which  I  have  referred  above. 

2.  The  remarkable  absence  of  any  considerable  development  of 
clays,  the  entire  absence  of  aU  record  of  pebbles,  and  the  general 
predominance  of  quartz  sand  stained  by  carbonaceous  matter  of 
vegetable  origin  are  characters  which  the  Lower  Bagshot  beds  of 
this  section  possess  in  common  with  the  Lower  Bagshot  strata  of 
three  deep- well  sections,  of  which  I  have  given  a  fuller  account  else- 
where,* and  to  which  I  have  referred  above. 

3.  The  specimens  of  the  slightly  loamy  sands  which  occur  in  this 
section  between  the  depths  of  68  and  143  feet  bear  a  striking  re- 
semblance to  those  which  occupy  about  92  feet  of  the  Lower  Bag- 
shots  in  the  section  at  Wellington  College.  This  resemblance  comes 
out  very  strongly  when  the  specimens  from  the  two  places  are 
directly  compared. 

4.  Of  the  pyrites  found  in  the  Bagshot  Sands  one  large  heavy 
specimen  (found  at  the  depth  of  130  feet)  and  many  smaller 
ones  are  preserved.  They  are  quite  un  weathered,  and  are  probably 
pyritized  wood  in  situ ;  but  with  the  cement  stones  found  in  the  same 
beds  the  case  is  different    They  are  very  much  weathered,  their 

1  Q.J.0.8.  loe.  «7. 

>  Cf.  Q.J.G.S.  loe.  eit, ;  also  Gbol.  Mao.  Dec.  III.  Vol.  II.  p.  25. 

>  Q.J.aS.  April,  1886.  «  Q.J.G.S.  loo,  eit. 
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Brown  sandy  bed. 

Gravel  (well-rounded  pebbles  of  flint  in  greemsb  sand). 

Dark  sand  1^».  jvi».>-j 

t  T-««  »v««j  ♦  «-  <  «««4. »  l^*'*  grey  and  black  Mmd, 

aronband,  or*  rust'  with  tr««5t  of  pyritot  and  fra»- 

Shaly  band  >mentaof  olay  ironstone  highly 

Dark  sand  weathered,    with    aand-gndns 

*  Marly '  with  sandy  veins  J -^"^^  »*>  ^«  *»W  "'^fi"^ 

*  Light  marl '  (qnite  a  nure  pine-day  in  the  specimens). 
Brown  clay  (a  very  stiff  day  slightly  laminatea). 

*  Qreenish  day.' 
Dark  brown  sand. 

Dark  sand  with  pyritet  and  MmenUttonet.  [grains). 

Hard  dark  (carbonaceous)  loamy  sand  (with  some  black 
Lighter  grey  (carbonaceous)  sand  (black  grains  more 
Darkish  grey  sand  (loamy).  [numerous). 

Grey  loose  sand  (with  black  grains). 
Lignt  grey  sand. 
Grey  sand  (with  black  grains). 
Dark  grey  carbonaceous  coherent  sand,  with  pyrites. 
Hard  dark  shaly  sand  and  \      Specimens  preserved  of  a 
Grey  sand.  [clay.  |  dark   grey   indurated  marl 

Dark  *  clay.'  I  with  a  very  definite  fracture. 

Nearly  black  shale  with  intervening  layers  of  grey  sand, 

inclosing  numerous  ereen  and  black  grains. 
Thinly-laminated  sandy  shale  (light  grey)  with  minute 

black  grains  and  spangles  of  mica  on  planes  of  laminss. 
Fine  day  and  sand  \  The  specimens  are  similar  to 
Clay  >  those  of  the  bed  next  above,  but 

Light  grey  sand     )  rather  more  sandy. 
London  clay.  *) 

*  Bed  of  stone.' 
London  day. 

„        „      with  pyrites. 

<  Bed  of  stone.' 
London  day. 
'  Bed  of  stone.' 
London  day. 

,y        „    with  pebbles. 

»        I) 

„        „     (thin  sand  layers). 

„       „    with  pebbles. 

<  B*ed  of  rtone.' 
London  clay. 

„        ,,    wiihpebUes. 


The  *bed8  of  stone' 
may  be  regarded  ae  aep- 
tana  for  the  most  part. 

The  only  ipecimena 
preserved  are  what  ap- 
pear to  be  typloal  of  the 
olay  and  the  stone-beds 
reepeetively.  The  former 
^is  a  mass  of  bluish-grey 
indurated  clay,  marly 
enongh  to  have  a  pretty 
definite  fhwtore  ;  the 
latter.  **  found  in  the  L. 
Clay,"  is  aimply  a  portion 
of  an  ordinary  septarian 
nodnle  or    'argillaceous 


Dark  sandy  day  (basement-bed  ol  L.  day :  no  record  of 

Dark  brown  mottled  day.  [pebbles). 

*  Bed  of  Stone.' 

Bed  mottled  clay  (a  very  characteristic  specimen  pre- 

Bed  sandy  day.  [served). 

Fine  sand. 

Bed  sandy  clay.  [olive-^reen  grains) . 

Coarse  brown  red  sand  (very  ferruffinous,  with  black  and 

Bed  mottied  day,  interbedded  with  dark  grey  sand,  with 
traces  of  pyrites  and  numerous  green  grains. 
634        Loose  grey  sand  of  the  same  dcMription  as  in  the  bed 
884         Chalk  with  flints.  [above. 

The  specimens  of  flints  preserved  from  the  chalk  are  of 
the  usual  colour  of  native  flint  from  that  formation. 
^  Ct  Etheridge,  Manual  of  Geology  and  PaUeontology,  pp.  609,  610. 
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calcareous  material  seems  to  have  been  entirely  dissolved  away,  and 
their  surfaces  are  coated  with  a  layer  of  coarse  sand-grains,  as  if 
they  had  rolled  about  in  sand  when  softened  at  their  surfaces  by 
water.  They  present  a  very  different  appearance  to  that  presented 
by  the  specimens  found  in  attu  in  the  London  Clay.  These  Bagshot 
cement-stones  may  therefore  be  considered  as  derived  in  aU  proha^ 
hility  from  the  London  Clay  itself. 

5.  The  least  thickness  we  can  assign  to  the  London  Clay  in 
this  section  is  871  feet,  not  including  the  passage  beds  at  the 
top.  In  the  paper  referred  to  above  ^  I  have  drawn  attention 
to  the  greater  thickness  of  the  London  Clay  in  these  deep-well 
sections  of  the  more  central  portions  of  the  main  mass  of  the 
Bagshot  Sands,  as  compared  with  the  thickness  of  the  London  Clay 
beneath  the  Bagshot  Sanda,  nearer  the  north  and  south  margins  (e.g. 
in  the  Aldershot  Town  Well  and  the  Wokingham  Well).  This 
difference  of  oourse  might  arise  either  (1)  from  attenuation  of  the 
London  Clay  owing  to  the  conditions  of  original  deposition,  or  (2) 
to  destruction  of  the  upper  beds  of  the  London  Clay  by  denudation 
during  the  earlier  and  middle  portions  of  the  Bagshot  period.  The 
strong  evidence  we  have  now  in  at  least  two  of  the  more  central 
well-sections  of  a  passage  from  the  London  Clay  into  the  Bagshot 
beds  above,  goes  to  show  that  deposition  was  continuous  in  the 
central  portions  of  the  area ;  while  the  abrupt  transition  from  the 
one  formation  to  the  other  and  the  frequent  erosion  of  the  London 
Clay  surface  beneath  Bagshot  Beds  observable  in  sections  on  the 
northern  and  southern  margins  point  to  the  obvious  conclusion  that 
the  Loudon  Clay  was  there  at  the  same  time  undergoing  destruction 
by  denuding  agencies.  If  this  be  admitted,  it  is  hardly  necessary  to 
point  the  inference  that  a  slight  syuclinal  curvature  was  given  to  the 
London  Clay  during  the  earlier  portions  of  the  Bagshot  period.  But 
this  is  not  all.  This  Brookwood  section  is  the  first,  so  far  as  I  am 
aware,  to  throw  some  light  upon  the  horizons  occupied  by  the  270 
feet  of  London  Clay  penetrated  in  the  deep  well  at  Wokingham.  A 
reference  to  the  table  of  strata  given  by  Prof.  Bupert  Jones,  F.R.S., 
for  the  Wokingham  Well,^  and  comparison  of  it  with  the  London 
Clay  strata  penetrated  in  this  Brookwood  section,  brings  out  a  remark- 
able correspondence  (in  the  occurrence  of  layers  of  aeptaria,  of 
pebbles,  and  of  pyrites)  between  the  273  feet  of  London  Clay  at 
Wokingham  and  the  lower  200  feet  or  rather  more  of  the  London 
Clay  in  the  Brookwood  section ;  while  from  the  upper  150  feet  or  so 
of  the  London  Clay  in  the  latter  section  there  is  no  record  of  such 
occurrences.  So  close  is  the  correspondence  here  cited  that  there  is 
only  a  difference  of  a  foot  or  so  in  the  distance  of  one  of  the  layers 
of  pebbles  in  the  two  sections  above  the  base  of  the  London  Clay. 
These  observations  harmonize  too  with  the  well-known  fact  that  the 
London  Clay  becomes  more  arenaceous,  and  has  a  less  pronounced 
marine  character  in  ita  upper  beds,  where  shown  in  its  full  normal 
development*  Of  the  two  alternatives  suggested  above,  we  are 
surely  justified,  in  the  light  of  this  new  evidence,  in  preferring  the 
denudation  to  the  original  attenuation  explanation  of  the  facts,  and 
1  Q.  J.G.S.  hc.cU.  *  Ct  Etheridge,  he  eU. 
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can  hardly  escape  a  conclusion  favourable  to  the  notion  oF  a  oi^dktx 
amonnt  of  unconformity  between  the  two  formations,  along  the 
north  and  south  flanks  of  the  area.  The  occurrence  of  sharks'  teeth, 
septaria,  and  flint  pebbles  in  the  London  Clay  at  Aldershot,  where 
I  have  seen  them  dug  out  of  the  stiff  blue  London  Clay  only  a  few 
yards  below  the  Bagshot  Sands  of  that  section,  is  also  in  favour  of 
the  assignment  of  the  less  than  200  feet  of  London  Clay  of  that 
district  to  the  lower  portions  of  that  formation.  In  a  future  paper 
I  shall  show  that  the  unconformity  inferred  from  the  above  evidence 
can  be  established  from  a  wider  induction. 


VL — The    Bois    db    Fontaine    Mbtbobitb,    and    its    Pbobable 

Identity  with  that  of  Chabsonville  of  1810. 

By  Jambs  B.  GKBOoar. 

A  FEW  years  since  I  received  from  a  correspondent  in  Paris 
several  fragments  of  a  meteorite,  which  my  informant  stated 
fell  at  Bois  de  Fontaine  on  the  estate  of  the  Marquis  de  la  Touane, 
near  Mung,  in  the  department  of  Loiret,  France,  in  1825,  but  no 
precise  date  was  given.  It  was  said  to  be  unknown  and  undescribed. 
My  informant  al^  stated  that  it  was  presented  to  the  physician  of 
the  Marquis  de  la  Touane,  ^m  whom  he,  my  informant,  received  it 
in  exchange.  Of  the  specimens  that  I  received,  two  had  some  of  the 
original  crust  on  them,  one  a  small  fragment  only,  and  the  other  a 
specimen  of  254  grammes,  but  with  only  a  small  amount  of  crust.  I 
had  also  five  or  six  other  specimens  without  the  crust 

On  recently  referring  to  the  very  detailed  accounts  of  some  of  the 
falls  of  meteorites  in  the  early  part  of  this  century  in  the  "  Memoire 
Historique  et  Physique  sur  les  Chutes  de  Pierres,"  by  M.  P.  M.  S. 
Bigot  de  Morogue,  published  at  Orleans  in  1812,  I  find  a  very 
precise  description  of  the  fall  at  Charsonville,  as  observed  by  several 
eye-witnesses ;  but  what  excited  my  curiosity  were  the  same  names 
of  persons  and  of  places  mentioned  in  connection  with  the  Charson- 
ville fall,  as  with  that  of  the  Bois  de  Fontaine.  As  the  data  of  the  so- 
called  Bois  de  Fontaine  was  very  meagre,  and  the  year  of  its  supposed 
fall  so  widely  different,  I  thought  that  possibly  some  error  had  arisen 
as  regards  date.  I  afterwards  compared  my  specimens  of  the 
Charsonville,  which  I  have  had  in  my  possession  some  years,  in  fact 
long  before  the  Bois  de  Fontaine  was  heard  of.  The  British  Museum 
had  indeed  a  specimen  from  me  of  the  Charsonville  stone  at  the  same 
time  I  had  mine*  I  found  on  careful  examination  with  the  Bois  de 
Fontaine  that  they  were  identical  in  texture  as  well  as  in  colour 
when  fresh  broken.  To  be  still  more  certain,  Mr.  Thomas  Davies,  of 
the  British  Museum,  was  obliging  enough  to  allow  me  to  compare 
my  Charsonville  specimen  with  the  Museum  one,  and  I  also  compared 
a  specimen  of  the  Bois  de  Fontaine  with  the  Charsonville  at  the  same 
time. 

It  will  be  seen  that  it  is  possible  that  the  physician  named  by  my 
informant  in  connection  with  the  Bois  de  Fontaine  stone  may  be  a 
descendant  of  the  Dr.  Pellieux  named  in  the  account  of  the  Charson 
viUe  isXL  in  1810 ;  also  that  I  find  Meung  in  the  map  of  the  depart- . 
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ment  of  Loiret,  but  not  spelt  Mung  as  I  had  it  with  the  Bois  de 
Fontaine  stone,  although  in  M.  de  Morogne's  work  it  is  spelt  Meang 
as  in  modern  maps.  In  M.  de  Siemachko's  Catalogue,  Bois  de  Fontaine 
near  Beaugency  is  mentioned,  and  in  M.  de  Morogue's  work  it  sayn 
that  Dr.  Pellieux  resided  at  Baugenoi :  this  is  also  probably  the  same 
plaoe. 

At  page  240  of  his  work  Mons.  Bigot  de  Morogue  says  with  regard 
to  the  meteorite  falls,  "  The  most  important  which  has  oome  to  my 
knowledge  is  the  fall  of  three  stones  on  the  28rd  of  NoYember,  1810, 
in  the  parish  of  Oharsonville,  Canton  of  Meung,  Department  of 
Loiret  At  this  time  I  was  residing  on  my  estate  about  six  leagues 
from  Charsonville,  and  a  league  and  a  half  south  of  Orleans.  Some 
people  attributed  it  to  the  explosion  of  a  powder  magazine  in  the 
direction  of  Tours ;  but  the  true  cause  did  not  long  remain  unknown, 
for  the  Baron  Pieyre,  Prefect  of  the  Department  of  Loiret,  who  was 
as  zealous  for  the  progress  of  science  as  for  the  success  of  his 
administration,  having  immediately  made  inquiry,  received  a  few 
days  afterwards  a  detailed  report  from  the  celebrated  physiciui  Dr. 
Pellieux,  residing  at  Baugenoi,  a  town  about  two  leagues  from  the 
place  where  the  stones  fell.  That  report  was  very  interesting,  and 
was  accompanied  by  a  fragment  of  one  of  the  stones,  and  was  read 
at  the  Public  Sdanee  of  the  Society  of  Agriculture,  Physic,  and 
Medicine  of  Orleans  on  November  28, 1810.  It  was  afterwards  printed 
in  No.  7  of  the  report  of  this  learned  society,  and  has  been  the  first 
public  announcement  of  this  event  due  to  a  remarkable  but  never* 
tbeless  common  phenomenon." 

At  page  245  of  the  same  work  M.  Morogue  says :  "  The  report  of 
Dr.  Pellieux  appeared  to  me  to  have  been  written  rather  hurriedly, 
and  lacked  the  details  which  I  wished  to  know ;  but  not  being  able 
to  go  to  the  place  where  the  stones  fell,  I  wrote  to  M.  de  La  Touanne, 
my  relative  and  friend,  who  was  residing  at  this  time  on  the  beautiful 
estate  which  bears  his  name,  situate  about  one  league  from  Charson- 
ville,  and  begged  him  to  obtain  all  the  details  possible  on  the 
phenomenon  which  interested  me." 

At  page  247  he  also  says :  **  Monsieur  de  La  Touanne  was  about 
one  league  from  the  place  of  the  fall,  and  was  walking  with  his 
children,  when,  looking  by  chance  towards  the  skv  in  the  direction 
of  Charsonville,  he  he^  violent  detonations  or  thunderings,  which 
seemed  just  over  their  heads.  Forty  persons  ran  from  the  court  of  the 
castle,  but  they  saw  nothing.  The  same  evening,  however,  they 
heard  that  some  stones  had  fallen  at  Charsonville,  the  fall  of  which 
had  doubtless  caused  the  noise  which  had  startled  them.  M.  de 
La  Touanne,  wishing  to  verify  this  fact,  went  himself  the  next 
morning  to  the  place,  accompanied  by  a  gamekeeper,  a  roan-servant, 
and  two  of  his  children;  arriving  at  the  farm  of  Yillorceau,  he 
was  convinced  of  the  tmth  of  the  report  which  he  had  heard, 
but  no  one  had  either  seen  the  ball  of  fire  or  the  light.  He  was  told 
the  exact  places  where  the  stones  had  fallen,  and  he  went  to  examine 
them  himself,  and  there  he  picked  up  some  fragments  of  the  stone, 
one  of  which  he  gave  me,  and  he  then  went  himself  to  visit  the 
holes  from  which  the  stones  were  extracted.    He  gathered  some 
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details  from  some  of  those  who  had  been  witnesses  of  the  pheno- 
menon, of  whioh  one  was  a  carman,  a  shepherd,  and  many  others 
who  saw  the  stones  fall  close  to  them.  He  concluded  at  last  all  his 
researches  by  saying  that  on  the  2drd  of  November,  1810,  at  ten 
minutes  past  one  p.m.  there  fell  three  stones  in  the  parish  of  Gharson- 
Tille,  Canton  of  MeoDg,  Department  of  Loiret.  Their  fall  was 
aocompaDied  by  a  series  of  tbauderings  which  lasted  several  minutes. 
The  stones  fell  on  a  space  of  ground  of  aboat  half  a  league,  and 
their  fall  was  perpendicular.  The  inhabitants  perceived  neither  light 
nor  globe  of  fire,  either  immediately  above  Charsonville,  nor  in  the 
neighbourhood.  One  of  the  stones  fell  near  Mortelle,  and  was  not 
found  ;^  the  two  others  fell  at  Yilleray  and  at  Moulin-brtile ;  of 
these  two,  one  weighed  about  20  lbs.  and  had  been  found  in  a  hole 
just  large  enough  to  hold  it,  and  about  two  feet  in  depth  and  one 
foot  in  calcareous  tuff;  this  hole  was  vertical,  and  the  stone  was 
removed  about  half  an  hour  after  it  fell,  being  then  hot  enough  to 
cause  considerable  discomfort  to  those  who  held  it  in  their  hands. 
The  second  stone  had  made  a  similar  hole  in  the  ground,  and  had 
penetrated  three  feet  in  depth ;  its  weight  before  being  broken  was 
40  lbs.  It  was  taken  up  about  eighteen  hours  after  its  fall.  It  seems 
certain  that  the  smaller  stone,  while  still  warm,  emitted  a  strong 
odour  of  gunpowder,  and  that  it  retained  it  even  in  the  house  to 
which  it  was  taken,  until  it  was  quite  cold." 

At  page  250  he  continues :  '*  One  can  see  in  No.  862  of  the 
^British  Library,'  published  in  January,  1811,  an  account  of  the 
same  phenomenon,  which  was  extracted  from  a  letter  which  Madame 
de  La  Touanne  had  written  to  her  mother,  and  of  which  some  copies 
had  been  by  chance  circulated  through  Orleans." 

In  conclusion  I  think  from  this  account  that  it  may  be  taken  for 
a  fact  that  the  Charsonville  and  the  Bois  de  Fontaine  meteorites  are 
certainly  of  the  same  fall,  though  there  is  a  probability  of  the  Bois 
de  Fontaine  stone  being  the  one  that  at  the  time  of  the  fall  was  not 
found,  and  which  was  described  as  having  fallen  at  Mortelle  by  M. 
de  La  Touanne.  It  would,  therefore,  be  interesting  to  know  if 
those  museums  and  collections  possessing  specimens  of  both  these 
stones  would  carefully  compare  them  in  order  to  ascertain  if  any 
similarity  exists  in  their  specimens,  which  might  help  to  prove 
the  identity,  and  of  which  myself  I  have  little  doubt 

YU. — On  thx  Qsolooioal  Histobt  or  thb  Cobnish  Ssbpbntimous 

Books. 

By  J.  H.  CoLLiHS,  F.G.8. 

{ConHmied  Jrom  Vol.  II.  p.  298.) 

MY  argument  that  at  Porthalla  there  is  a  ''  passage  "  from  horn- 
blende-schist to  serpentiue;  or  rather  that  some  beds  of  a 
common  series  have  been  chauged  into  serpentine,  others  into  horn- 
blende-schist, and  others  again  into  a  substance  of  intermediate 
character,  is,  I  thiuk,  much  strengthened  by  the  fact  that  many  such 
/'  apparent  passages  "  are  admitted  to  exist  by  all  those  who  have 
^  ^iiery,  Wat  this  the  stone  known  aa  tiie  Bois  de  Fontaine  P— J.  B.  0. 
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examined  the  Lizard  Coast  with  any  degree  of  detaiL  De  la  Beche's 
description  of  that  seen  near  the  Lizard  Town  is  as  follows,  and  it 
would  apply  equally  well  to  the  others.  "  The  hornblende  slate," 
he  says,  <'  supports  the  great  mass  of  the  Lizard  serpentine  with  an 
apparent  passage  of  the  one  into  the  other  in  many  places — an  ap- 
pareni  passage  somewhat  embarrassing  ,**  that  is,  from  his  point  of  view; 
from  mine  it  is  perfectly  natural.  He  goes  on  to  say  :  "  Whatever 
the  cause  of  this  apparent  passage  may  have  been,  it  is  very  readily 
seen  at  Mullion  Cove,  at  Pradanack  Point,  at  the  coast  west  of 
Lizard  Town,  and  at  several  places  on  the  east  coast  between  Lan- 
dewednack  and  Kennick  Cove,  more  especially  under  the  Balk  .  .  •  • 
and  at  the  remarkable  cavern  and  open  cavity  named  the  Frying- 
Pan,  near  Cadgwith." '  At  Eynance  some  of  the  laminso  of  serpentine 
are  not  more  than  one-tenth  of  an  inch  in  thickness  for  considerable 
distances.  It  would  not  be  easy  to  explain  how  such  thin  plates  of 
molten  intrusive  matter  could  be  forced  between  the  laminsB  of  an 
already  consolidated  stratified  rock  for  many  feet  together.  Now, 
although  thin  films  of  remarkably  pure  serpentinous  matter  are 
often  found  deposited  from  aqueous  solution  in  thin  fissures  in  certain 
parts  of  the  Lizard  district,  yet  in  such  cases  as  those  referred  to  at 
Eynance  I  do  not  think  such  an  explanation  will  apply,  and  I  see 
no  alternative  but  to  believe  that  these  thin  bands  consist  of  altered 
material  originally  stratified  and  forming  part  of  the  same  series  as 
the  containing  rocks. 

It  seems  to  me  that  those  who  deny  the  origin  of  serpentine  from 
certain  beds  of  stratified  rock  are  ready  enough  to  invoke  Sir  H. 
De  la  Beche  when  his  views  support  theirs.  If,  on  the  contrary,  they 
happen  to  clash  with  their  views,  or,  which  is  here  the  same  thing, 
to  support  mine,  they  are  very  ready  to  explain  away  his  conclusions. 

llie  popular  idea  that  the  Lizard  Peninsula  is  composed  almost 
entirely  of  serpentine  or  serpentinous  rocks  is  far  indeed  from  the 
truth.  Considerably  less  than  half  the  area  is  so  coloured  on  the 
Geological  Survey  Map,  and  there  is  good  reason  to  doubt  whether 
the  whole  of  this  is  actually  serpentine.  Inland,  the  excavations  are 
few  and  far  between;  on  the  coasts,  many  of  the  clifb  are  inac- 
cessible ;  and  it  may  very  well  be  that  large  areas  of  hornblende- 
schist,  mica-schist,  gabbro,  or  even  of  ordinary  clay-slate  exist,  within 
the  area  hitherto  regarded  as  wholly  serpentinous,  the  tendency 
having  been  hitherto  to  mark  as  serpentine  whatever  is  covered  by 
a  soil  containing  fragments  of  that  rock. 

n.  The  Extba-Lizabd  Serpentines. 

Whatever  may  have  been  the  origin  of  the  Lizard  serpentines,  it 
is  certain  that  serpentinous  change  in  the  West  of  England  is  not 
confined  to  the  Lizard  District.  Serpentinous  rocks  exist  in  many 
other  parts  of  Cornwall  and  Devon ;  and  probably  the  total  area  of 
what  may  be  called  the  **  Extra-Lizard  "  serpentines  is  not  less  than 
that  of  the  serpentines  of  the  Lizard  Peninsula.  Some  of  these 
rocks  have  been  described  by  various  writers,  and  in  considerable 

^  Beport  on  Cornwall,  etc.    See  also  Memoirs  of  the  Geological  Surrey. 
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detail ;  but  the  desoriptions  not  being  generally  known,  as  are  those 
of  the  Lizard,  I  refer  to  them  here  a  little  more  in  detail. 

A  large  proportion  of  the  Extra-Lizard  serpentinous  masses  seem 
to  have  been  at  one  time  essentially  homblendio  rocks.  I  do  not 
say  originaUy  homblendio,  but  the  production  of  hornblende  has 
preceded  that  of  serpentine.  Some,  too,  appear  to  have  contained 
considerable  proportions  of  olivine,  but  this  mineral  does  not,  so  far 
as  I  am  aware,  exist  in  them  in  an  unchanged  state. 

Some  writers  draw  a  notable  distinction  between  serpentine  rocks 
and  those  which  are  merely  serpentinous.  This  is  no  doubt  a  con- 
venient distinction  in  some  instances ;  yet  it  will  be  often  difficult 
to  define  the  limits  of  this  distinction,  since  there  is  no  radical  differ- 
ence. On  the  one  hand,  there  is  no  such  thing  as  a  rock-mass  of 
pure  serpentine ;  while,  on  the  other  hand,  all  serpentinous  rocks, 
whether  approximately  pure,  porphyritic  from  the  presence  of  un- 
altered or  only  partially  altered  crystals  of  foreign  matter,  or  con- 
taminated by  streaks  and  patches  of  foreign  substance,  are  altered 
rocks,  and  the  serpentine  present,  whether  much  or  little,  is  admittedly 
an  alteration  product.  To  avoid  naming  such  rock-masses  serpentine, 
as  that  of  Duporth  for  instance,  it  has  been  proposed  to  class  them 
with  picrite,  but  I  cannot  see  that  much  is  gained  by  this.  Some 
portions  of  this  rock,  it  is  true — from  the  presence  originally  of  a 
great  many  crystals  of  felspar,  now  mostly  kaolinized — are  indeed 
highly  aluminous ;  but  other  parts  contain  very  few  such  crystals, 
and  consequently  the  alumina  sinks  to  an  insignificant  amount. 
Bat,  whatever  the  amount,  the  basis  of  the  rock  is  plainly  and  dis- 
tinctly serpentine,  and  even  very  pure  serpentine ;  and  to  call  it  a 
picrite,  apart  from  the  objections  to  the  use  of  this  term  as  a  rock- 
name  owing  to  its  indefiniteness,  seems  to  me  not  merely  undesir- 
able, but  even  somewhat  misleading,  if  it  be  understood  to  beg 
the  question  as  to  the  nature  of  the  original  rock.  Certainly  there 
is  neither  olivine  nor  diallage  present  now,  and  it  is  by  no  means 
certain  that  the  rock  ever  contained  either.^ 

I  will  now  proceed  to  give  some  brief  particulars  of  the  various 
masses  of  rock  outside  the  Lizard  Peninsula,  but  within  the  mining 
region  of  Ck)mwall  and  West  Devon,  which  exhibit  a  high  degree 
of  serpentinous  change. 

1.  Very  an*  {Qerrans  Bay), — The  serpentinous  rock  at  Very  an  is 
a  narrow  band  of  dark  green  colour,  which  is  associated  with  well- 
marked  gabbro  similar  to  the  rocks  which  form  a  great  part  of  the 

^^  I  do  not  find  picrite  mentioned  in  my  edition  of  Yon  Cotta.  Dana  says  (p.  258), 
Picryte  from  Moravia  "consists  half  of  chrysolite  (oUyine)  along  with  felspar, 
diallaffe,  homhlende  and  magnetite."  Rntley  aefines  it  (Study  of  Rocks,  p.  265)  as 
<*  blackish -green  crystalline  rock  with  a  compact  black  matrix  containing  porphyritio 
crystals  and  grains  of  olivine.  The  matrix  may  consist  of  hornblende,  aiallage,  or 
biotite,  associated  with  ma^etite  and  calc-spar.  The  olivine  constitutes  nearly 
half  the  bulk  of  the  rock.  Prof.  Bonney  regards  it  as  a  compound  of  olivine, 
a  small  variable  amount  of  felspar,  such  as  anorthite  or  labradorite,  enstatite  or  a 
pyroxenic  mineral  with  biotite. 

3  This  district  was  surveyed  by  Mr.  N.  Whitley,  of  Truro,  in  1S41,  and  described 
in  the  Report  of  *the  Royal  Institution  of  Cornwall.  The  serpentine  was  also 
described  by  the  Rev.  Canon  Rogers  in  the  Trans.  Royal  Geol.  Soc.  of  Cornwall, 
vol  vL  p.. 4 1,  1846. 
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Earish  of  St.  Eeverae.  It  oomes  in  as  a  wedge  between  the  dark 
ornblendio  '^greenstonee"  of  the  Nare  Head  and  the  Lower  Silurian 
slates  and  qnartzites  of  the  same  locality.  The  ezcayations  upon  this 
band  are  now  mostly  filled  in,  and  it  is  greatly  decomposed  where 
it  reaches  the  sea  in  G^rrans  Bay,  and  appears  only  as  a  soft  ferra- 
ginous  mass,  so  that  it  is  almost  impossible  to  determine  whether 
it  is  simply  an  altered  bed  or  oooars  as  an  intrusive  mass.  For 
reasons  which  I  need  not  now  specify,  I  incline  to  the  latter  opinion, 
yet  it  is  worthy  of  remark,  as  poiuted  out  by  Canon  Bogers,  that 
the  strike  of  the  band  lies  in  a  straight  line  with  that  of  the  serpen- 
tine of  Porthalla,  in  the  parish  of  St  Eeveme,  which  is  distant  some 
16  miles  to  the  south-west,  and  this  is  at  least  suggestive  of  a 
common  origin.  However  this  may  be,  the  serpentines  of  these 
two  localities  are  extremely  different;  the  Yeryan  rock  more 
resembling  the  ordinary  Lizard  serpentine  than  does  that  of 
Porthalla.  It  has  no  cleavage,  but  breaks  with  a  splintery  fracture 
like  ordinary  serpentine.  In  the  mass  it  is  slightly  magnetia 
Under  the  microscope,  using  a  2-inch  power,  it  is  seen  to  consist  of 
a  transparent  green  base,  which  incloses  and  surrounds  many  large 
much-fractured  crystalline  masses,  not  definite  crystals,  which  may 
be  altered  olivine.  No  calcite  is  visible,  but  in  some  places  numer- 
ous fibres  of  asbestos  may  be  seen.  Throughout  the  serpentinous 
ground-mass  are  sprinkled  numerous  dark  patches  of  ferruginous 
matter,  as  in  the  serpentine  of  Goverack.  The  base  of  course  is  not 
dichroic,  nor  are  the  crystalline  patches;  but  these  latter  are 
brilliantly  coloured  by  the  use  of  polarised  light,  especially  the 
asbestos  fibres  when  both  polarizer  and  analyzer  are  used.  The  base 
chauges  as  one  Niool  is  rotated  from  pale  yellowish  green  to  black. 
It  is  possible  that  this  may  be  altered  picrite  or  some  similar  rock ; 
but  if  so,  the  metamorphosis  is  very  complete,  as  it  contains  only  one 
per  cent  of  alumina.    The  following  are  my  analyses  of  this  rock : 

1.  2. 

Silica       ^.    86-55        86-05 

AlnminA 1*00        -95 

Ferric  Oxide 8-76        8-00 

Ferrous  Oxide 2*25        100 

Chromic  Oxide       trace       trace 

Lime       trace       trace 

Magnesia 82*79        83*79 

Alkalies 5*12        4-89 

Water  (by  ignition)       14*69        12-89 

10105  9707 

I  have  observed  thin  layers  of  serpentinous  matter  in  the  joints  and 
fissures  of  the  homblendio  ''  greenstone  "  of  the  Nare  Head,  where 
it  comes  in  contact  with  this  serpentine,  but  I  have  not  suffi- 
ciently examined  this  latter  to  be  able  to  say  whether  it  exhibits 
evidence  of  serpentinous  change  in  itself,  or  whether  these  thin  films 
have  been  merely  deposited  from  water  percolating  through  the  rock. 
Dvfporik. — ^This  serpentinous  rock  has  been  analyzed  and  described 
by  Mr.  J.  A.  Phillips  *  and  by  myself.'  It  seems  to  form  the  eastern 
termination  of  a  dyke  of  homblendio  greenstone  which  extends  from 

^  PhiL  Hag.  Feb.  1871.  '  Hin.  Mag.  Not.  1877. 
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near  the  ancient  earthwork  called  Trethullan  Castle,  in  the  parish  of 
St.  Me  wan  (near  St  Austell),  to  the  sea  near  Duporth,  a  distance  of 
over  four  miles.  The  typical  greenstone  in  the  St.  Mewan  quarries 
often  contains  ashestos  and  thin  layers  of  serpentine  in  its  joints,  and 
an  examination  of  this  intrusive  mass  in  different  parts  of  its  course 
shows  that  it  becomes  more  coarsely  crystalline  and  porphyritic  as  it 
approaches  the  cliffs,  and  that  the  chemical  composition  is  also 
changed,  until  finally  the  homblendic  rock  of  St  Mewan  becomes  a 
serpentine  at  Duporth. 

The  less  decomposed  portions  near  the  sea-level  are  seen  to  consist 
of  serpentine  of  a  darker  green  colour,  full  of  greyish- white  spots  of 
a  substance  resembling  kaolin,  which  on  examination  appear  to  be 
pseudomorphs  of  hornblende  and  perhaps  felspar,  varying  from  -sV 
to  ^  of  an  inch  in  length.  The  crystals  have  not  quite  lost  their 
power  of  depolarizing  polarized  light,  but  the  difference  between  the 
crystals  and  the  green  base  in  this  respect  is  not  extremely  great 

The  green  serpentine  base  is  often  somewhat  fibrous,  the  fibres 
curving  round  the  larger  crystals  and  exhibiting  brilliant  colours 
with  polarized  light;  it  is  sprinkled  with  very  small  prisms  of 
scarcely  altered  felspar.  The  base  and  the  altered  includeid  crystals 
are  both  sprinkled  pretty  thickly  with  crystals  and  grains  of  oxide 
of  iron,  and  the  whole  rock  is  in  places  stained  yellow  or  brown 
with  per-oxide  of  iron. 

The  following  analyses  show  the  interesting  changes  of  chemical 
composition  exhibited  in  this  mass  in  different  parts  of  its  course. 
(a)  is  the  mean  of  three  analyses  of  the  rock  at  St.  Mewan  made  by 
Mr.  Phillips,^  (6)  is  my  own  analysis  of  the  rock  from  the  quarry 
near  Gewans,  (c)  my  analysis  of  the  rock  at  Duporth,  and  (d)  a 
recent  analysis  of  the  same  rock  made  by  Mr.  J.  Arthur  Phillips.' 
{e)  is  a  partial  analysis  of  a  selected  sample  which  is  more  free  from 
included  crystals  and  from  oxides  of  iron  than  ordinarily. 

a.  b,  c,  d,  $. 

Sp.  Or.    2-27    ...      2-86    ...      2'64    ...      2-86    ... 

Water  -80    ...        -80    ...      8-65    ...  f  ^J^  ...    11-5 

SiUca    47-67  ...  6024  ...    87*09  ...  36*74  ...  38*0 

Titanic  Add trace  ...  trace  ...    trace  ...     ...    

Phosphoric  Acid '12  ...  -20  ...        '21  ...  '18  ...    

Ahimiiia  1716  ...  19-19  ..     19-90  ...  12-23  ...  4-3 

Ferric  Oxide   a.  13-04>  ,^.,n  a«-64  ...  4-68\  «- 

FerronsOiide 9-30/  -  ^^  ^"  "•12-02  ...  13-84)  "  ^^ 

Oxide  of  Maoganeee  trace  ...  trace  ...     trace  ...  -98  ...  — ^ 

Sulphur   trace  ...  trace    ...     ...     ...  — 

Lime 4-11  ...  6-02  ...    trace  ...  trace  ...    

Magnesia trace  ...  -93  ...    16*90  ...  32*18  ...  29*2 

Potash 2*30k  m^y  x^^  trace  ...  ^^ 

Soda  6-46)  "•  ^ "  -  *^  -  -26  ...  

99-86     98-89     99-31    100*04     91*08 

1  Phil.  Mag.  Feb.  1871. 

s  For  this  analysiB,  which  was  giren  in  the  Mineralogieal  Magazine,  loe.  eif,,  I 
am  indebted  to  mx,  Phillips.    He  remarks,  "  I  find  more  magnesia  than  you  do,  but 
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From  these  analyses  it  appears  that  the  obange  is  not  great  at 
G^wans  as  compared  with  St  Mewan,  a  distance  of  a  mile  and  a 
half,  and  that  it  consists  chiefly  in  a  lessening  of  the  proportions  of 
iron  oxides  and  a  slight  increase  in  the  silica.  Within  the  next  mile» 
however,  a  very  notable  change  takes  place,  the  silica  being  reduced 
by  upwards  of  12  per  cent,  and  the  alkalies  entirely  carried  off, 
while  the  proportion  of  water  increases  from  less  than  one  to  over 
eight  per  cent,  and  the  magnesia  from  less  than  one  to  nearly  sixteen 
per  cent.,  or  in  Mr.  Phillips'  specimen  over  22  per  cent.  Chemically 
and  mineralogically  the  rock  now  consists  essentially  of  something 
over  30  per  cent  of  serpentine  as  a  base  or  ground-mass,  containing 
in  crystals  and  grains  nearly  50  per  cent,  of  kaolin,  and  nearly  20 
per  cent  of  peroxide  and  magnetic  oxide  of  iron,  while  in  e  it  is  a 
fairly  pure  serpentine. 

I  must  refer  to  the  paper  above  mentioned  for  illustrative  draw- 
ings of  the  microscopic  structure  of  the  rock.  Prof.  Bonney  con- 
siders that  from  the  high  proportion  of  alumina  present  in  this 
rock,  it  ought  not  to  be  classed  with  the  serpentines ;  in  his 
Presidential  Address  to  the  Qeological  Society  he  says  of  it,  ''  The 
serpentinous  rock  of  Duporth  ....  appears  to  be  a  member  of  the 
picrite  group.  Many  of  the  picrites  certainly  hang  on  very  closely 
to  the  dolerite  group,  and  can  be  seen  to  graduate  into  representatives 
of  it ; "  but  the  analyses  given  above  will  show  that  this  is  an  accidental 
rather  than  a  characteristic  component,  arising  from  the  distinctly 
imbedded  crystals,  and  that,  in  the  portions  of  the  rock  where  these 
crystals  are  more  sparsely  distributed,  it  approaches  in  composition 
an  ordinary  serpentine  rock  (which  is  usually  a  very  different  thing 
to  the  mineral  serpentine). 

I  have  said  above  why  I  think  this  rock  should  not  be  classed  as 
picrite.  It  does  indeed  seem  to  have  been  originally  a  dolerite, 
but  there  is  no  proof  that  any  oonsiderable  proportion  of  olivine  was 
ever  present  llie  first  alteration  of  the  augite  seems  to  have  been 
its  conversion  into  hornblende,  and  this  has  subsequently  been  altered 
to  serpentine. 

As  to  the  cause  of  this  remarkable  change  of  a  homblendic  into 
a  serpentinous  rook,  I  may  remark  that  the  district  is  one  of  very 
extensive  disturbance,  traversed  in  all  directions  by  mineral  lodes 
and  elvan  courses ;  and  it  is  not  more  than  two  miles  from  the  St 
Austell  granite.  I  have  elsewhere  ^  given  my  reasons  in  detail  for 
believing  that  the  extensive  kaolinization  of  the  felspar  of  that 
granite  has  been  produced  by  mineral  solutions  acting  through 
fissures  from  below.  I  have  little  doubt  that  this  production 
of  serpentine  is  due  to  a  similar  action,  and  probably  fluoride  of 
magnesia  was  the  principal  cause  of  this  alteration,  both  of  the 
homblendic  base  and  of  the  felspathic  crystals. 

Clicker  Tor^  near  Liskeard, — ^This  remarkable  intrusive  serpen- 

my  speoimeiiB  have  undergone  more  extennye  change  than  yonn,  as  you  will  see  from 
the  migraent  which  I  inclose."     He  also  obsenres,  '*  My  recent  analysis  of  some 
remarkably  fresh  rock  from  the  Sanctuaries  ga?e  175  per  cent,  of  maguesia.'' 
^  The  Mensbarrow  Granite  District,  1876. 
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tinous  mass,  well  known  to  tourists  as  well  as  to  geologists,  has 
been  fully  described  by  Messrs.  Allport  ^  and  J.  A.  Phillips.' 

Mr.  Allport  regards  the  serpentinons  base  as  being  due  to  the 
inetamorphism  of  felspar,  and  this  is  no  doubt  the  case  to  some 
extent,  as  at  Duporth ;  however,  much  of  it  appears  to  be  due  to  the 
alteration  of  hornblende,  itself  an  alteration  product  of  augite. 

Mr.  Allport  describes  it  as  follows : — 

**  Under  the  microscope,  a  thin  slice  of  the  intrusive  rock  exhibits 
a  variegated  mass  of  pale  green  serpentine  and  a  nearly  colourless 
substance  intimately  blended  together;  imbedded  in  this  matrix 
there  are  numerous  pseudomorphs  after  olivine,  and  irregular  plates 
of  unaltered  augite,  together  with  minute  grains  of  magnetite  scattered 
here  and  there  through  the  mass.  The  pseudomorphs  after  olivine 
are  of  two  kinds,  consisting  either  of  serpentine  or  the  white  sub- 
stance just  mentioned ;  both  are  highly  characteristic ;  the  crystalline 
forms  are  perfectly  preserved,  and  they  are  traversed  by  veins 
representing  the  original  cracks  so  generally  formed  in  this  mineral. 

"In  one  slice  the  augite  is  also  greatly  altered,  and  it  is  interesting 
to  compare  the  two  pseudomorphs  side  by  side. 

"  Although  the  ground-mass  of  the  rock  exhibits  a  confused  amor- 
phous appearance  both  in  ordinary  and  polarized  light,  we  are 
fortunately  not  left  in  doubt  as  to  the  nature  of  at  least  one  of  its 
original  constituents.  The  augite  frequently  incloses  highly  charac- 
teristic pseudomorphs  after  felspar;  some  are  completely  inclosed, 
while  others  are  only  partially  imbedded  in  it ;  the  mode  of  occur- 
rence is,  in  fact,  precisely  the  same  as  that  observed  in  the  altered 
gabbro  of  C!o8torphine  Hill,  near  Edinburgh,  and  in  several  Scotch 
dolerites  described  by  me  on  a  previous  occasion.'  In  many  cases 
the  unaltered  augite  has  preserved  in  the  most  perfect  manner  the 
sharp  edges  and  angles  of  the  felspar  prisms;  and  whenever  the 
latter  project  from  the  augite,  it  may  be  readily  seen  that  both  the 
inclosed  and  outlying  portions  have  been  converted  into  precisely 
the  same  serpentinous  substance  as  that  forming  the  ground-mass. 
It  should  also  be  noted  that,  in  the  case  of  partially-inclosed  prisms, 
only  those  sides  or  ends  which  have  impressed  their  shape  on  the 
augite  exhibit  a  crystalline  form,  the  outstanding  portion  being  quite 
nndistinguishable  from  the  surrounding  mass. 

''  As  it  would  evidently  be  absurd  to  suppose  that  originally  there 
was  no  felspar  save  that  inclosed  in  the  augite,  there  can  be  no 
doubt  that  the  original  felspathic  matrix  has  been  completely  meta- 
morphosed, and  that  we  have  in  the  Menheniot  rock  a  highly-in- 
teresting and  instructive  example  of  the  conversion  of  an  intrusive 
olivine-dolerite  into  a  mass  of  imperfectly-formed  serpentine." 

The  following  is  an  analysis  of  this  rock  by  Mr.  Phillips  :— 

Silica    86'60 

Alumina       17*58 

Ferric  Oxide 14'98 

Ferrous  Oxide      4*52 

»  Quart  Jouni.  GeoL  Soc.  128,  Not.  1876,  p.  422.  *  Phil.  Mag.  1871. 

*  Quart.  Joum.  Qeol.  Soc.  toI.  ixx.  p.  557«  * 
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Chromic  Oxide     0*U 

Carbonate  of  Lime     2*77 

Lime     6*04 

Magnevia      6*97 

Soda     0-84 

Hoisiore       10*66 

90-10 
Polyfani, — ^The  "  potstone  "  of  Polyfant  near  LauDceston  has  long 
been  known  as  a  very  infusible  and  easily  wrought  rock,  one  of  the 
few  Cornish  rocks  suitable  for  elaborate  and  highly- finished  churoh 
decoration,  and  it  has  been  used  for  such  purposes  in  most  of  the 
churches  of  the  neighbourhood,^  but  I  am  not  aware  that  the  rock 
has  been  hitherto  described  from  the  point  of  view  of  the  petrologist 
The  quarries  are  very  ancient  and  much  filled  in,  but  as  far  as  ccm  be 
seen  they  lie  in  the  strike  of  the  associated  slates.  To  the  unaided 
eye  the  rock  appears  as  a  dark  greyish-green  slightly  talcose  mass, 
in  some  places  spotted  brown  with  peroxide  of  iron.  Its  structure 
is  somewhat  schistose  and  at  the  same  time  brecciated.  Whether  it  be 
an  intrusive  mass  or  an  altered  volcanic  agglomerate  is  still  somewhat 
uncertain,  but  I  incline  to  the  latter  supposition.  Under  the  micro- 
scope, and  using  the  2-inoh  power,  it  exhibits  a  great  many  colour- 
less crystalline  masses,  having  two  cleavages  forming  oblique  angles, 
which  may  be  altered  diallage  or  enstatite.  They  are  slightly  dichroio, 
but  quite  dark  with  crossed  prisms.  There  are  also  some  nebulous 
nearly  circular  or  hexagonal  patches  which  oocasionally  have  a  green 
spot  or  a  grain  of  magnetite  in  the  centre.  The  ground-mass  is  green 
— in  some  parts  dichroic ;  in  others  not — it  is  resolvable  under  the 
^•inch  power  into  a  fibrous  mass  of  asbestiform  material,  which  polar- 
izes strongly  using  crossed  prisms  where  thin.  A  great  many  black 
square  crystals  of  magnetite  are  present — also  some  patches  of  brown 
oxide  of  iron  probably  resulting  from  the  decomposition  of  pyrites. 
My  analysis  of  the  rock — in  duplicate — gives  the  following  as  its 
composition : — 

a.  h. 

Water  given  off  in  deericator '94)  ,„.,a  ,«  „. 

„        by  ignition    I2-22i     -     ^^  ^®    -     ^^  ^ 

Silica    ...    86*90    ...    84*76 

Alumina   ...     11*80    ...     12*42 

Feirons  Oxide ...      8*66    ...      3*60 

Ferric  Oxide     .  ...     12*00    ...      9*10 

Lime ...      2*80    ...      4*12 

Magnesia ...    16*03    ...    18*68 

Potash ...      3*64    ...      3*62 

Soda ...     trace    ...     trace 

98*89  99*34 

Although  there  are  considerable  differences  between  this  composi- 
tion and  tibat  of  the  Duporth  rook,  yet  if  chemical  composition  alone 
be  taken  into  account — and  a$  a  whole  there  is  a  good  deal  of 

^  A  shallow  basin  or  cmcihle  of  this  rock  has  been  recently  found  in  doee  juxta- 
position with  a  **  celt  mould  '*  of  hard  sandy  slate  at  Altamum,  a  few  miles  from  the 
Polyfant  quarries.  It  was  probably  used  for  melting  the  bronxe  used  by  the  ancient 
Britons.   It  is  now  in  the  Museum  of  the  Boyal  Institution  of  Cornwall  at  Truro. 


Digitized  byVjOOQlC 


Notices  of  Memoira^Short  Notices  of  Scientific  Papers.    367 

analogy  between  them.  But  in  the  Polyfant  rook  felspar,  whether 
kaolinized  or  not,  seems  to  be  entirely  absent,  and  this  forms  a 
notable  distinotion.  Moreover,  a  great  deal  of  the  serpentinous 
matter  oertainly  does  not  resemble  highly  altered  olivine ;  so  that, 
if  there  be  any  rock  properly  to  be  classed  with  the  picrites  in 
Cornwall,  this  is  it  It  must,  too,  be  admitted  that  the  Duporth  rock 
has  a  good  deal  of  superficial  resemblance  to  it,  although  it  was 
originally  so  very  different  The  Polyfant  stone  is  quite  soft — 
except  for  the  occurrence  of  occasional  hard  grains  of  pyritous  or 
siliceous  matter — so  that  it  can  be  readily  cut  with  a  chisel  or  even 
with  a  pocket-knife.  Sound  fragments  have  been  formed  into 
crucibles  and  used  for  melting  tin  and  copper  for  small  castings.  It 
appears  to  be  well  adapted  for  this  purpose,  although  I  am  unable 
to  say  that  it  has  advantage  over  the  ordinary  **  black-lead  "  pots. 


ITOTIOES      OJB'      TVriiTIVrOIIRS, 


I. — Short  Notiobs  of  Soibhtifio  Papbbs. 

1. — ^lattagelser  ofver  qvartara  bildningar  p&  Gotland.  Af  Henrik 
Hunthe.  Qeol.  Foreningens  i  Stockholm  Forhandlingar.  No.  100. 
Bd.  viii.  H.  2. 

2. — Om  postglaciala  sankningar  af  Gotland.  Af.  G.  Lindstrom. 
id.  No.  102,  Bd.  viii.  H.  4. 

THE  first  of  these  papers  contains  many  interesting  facts  respect- 
ing the  Glacial  and  Post-Glacial  phenomena  of  the  isle  of 
Gotland.  Two  systems  of  Glacial  strisB  have  been  noted,  one,  best 
developed  in  the  north  and  north-west,  has  a  main  direction  from 
N.W.  to  S.E.,  and  the  other,  extending  over  the  rest  of  the  island, 
runs  from  N.E.  to  S.W.  Baised  beaches  are  traced  at  various  eleva- 
tions up  to  78*5  m.  or  259  feet  above  the  sea-level,  the  highest  point 
on  the  island.  A  description  is  given  of  a  remarkable  As  or  ^ame 
near  Yisby,  which  rests  on  Boulder-clay,  and  is  partially  covered  by 
it  The  erratic  boulders  are  traced  from  the  Aland  isles,  Angerman- 
land ;  possibly  from  the  South-west  of  Finland,  and  from  the  bed  of 
the  Baltia  Two  maps  are  appended ;  one  showing  the  direction  of 
the  strisd  and  the  contour-lines  of  the  island,  and  the  other  of  the 
district  round  Visby. 

In  the  second  paper.  Prof.  Lindstrom  gives  a  description  of  sections 
lately  exposed  at  Hafdhem  in  Gotland,  in  which  turf  deposits, 
nearly  50  feet  above  the  sea-level,  containing  28  species  of  existing 
freshwater  mollusca,  are  overlaid  by  a  marine  sand  with  littoral  shells. 
The  author  points  out  certain  facts  in  the  configuration  and  structure 
of  the  rock  terraces  in  GK)tland  which  indicate  that  the  island  received 
its  present  form  by  denudation,  previous  to  the  Glacial  Period,  and 
that  various  changes  of  level  have  taken  place  since  that  time. 

3.— OmEambriskapyramidalstenar.  Af  A.  G.  Nathorst  Ofversigt 
af  Kongl.  Vetens.-Akad.  Fdrhandl.  1885.     No.  10. 
4. — Sur  les  causes  de  la  production  de  facettes  sur  les  quartzitee 
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des  alluvions  pliocenes  de  la  vallee  du  Bh6ne,  par  M.  F.  Fontannes. 
Bull,  de  la  Soo.  Geol.  de  France,  t.  xiv.  1886-6,  p.  246. 

Dr.  Nathorst  notioes  the  various  opinions  held  by  (Jerman  and 
Scandinavian  geologists  respecting  the  origin  of  pebbles  with  dis- 
tinctly facetted  surfaces,  and  he  points  out  that,  before  they  had  been 
particularly  remarked  in  Europe,  attention  had  been  called  to  them 
in  New  Zealand  by  Mr.  Travers,'  in  1869,  and  their  facetted  surfaces 
had  been  rightly  attributed  to  the  action  of  wind -driven  sand.  The 
author  records  the  interesting  fact  that  pebbles  with  facetted  surfaces, 
precisely  similar  to  those  from  New  Zealand  and  elsewhere,  had  been 
lately  discovered  in  the  Eophyton  sandstone  of  Lugn^  Sweden. 

M.  Fontannes  brings  forward,  in  the  paper  cited,  several  objections 
against  the  sufficiency  of  wind-driven  sand  to  produce  the  facetted 
surfaces  of  the  quartzitic  pebbles  found  on  the  slopes  of  the  Ehone 
valley,  and  attributes  the  phenomena  to  the  current  action  of  water 
and  sand. 

6.— On  the  Minute  Structure  of  Stromatopora  and  its  Allies.  By 
Dr.  C.  Rominger,  Proc.  Acad.  Nat  Sci.  Phil.  1886,  pp.  29-56. 

This  paper  is  a  criticism  of  the  joint  essay  by  Prof.  Nicholson  and 
Dr.  Murie  on  the  structure  of  Stromatoporay  which  appeared  in  the 
Journal  of  the  Linnsean  Society  in  1879 !  It  is  certainly  peculiar  to 
read  this  review  on  a  paper  published  six  years  ago,  and  one  wonders 
what  Dr.  Rominger  has  been  doing  in  the  interval.  He  does  not 
even  now  seem  to  be  aware  that  one  of  the  authors  of  the  paper, 
with  which  he  can  see  so  much  to  disagree,  has  in  the  meantime 
further  studied  the  subject,  and  has  himself  considerably  altered  his 
previously-expressed  views.  It  seems  somewhat  presumptuous  on 
Dr.  Rominger's  part  to  propose  to  substitute  some  names  of  his  own, 
which  he  brought  forward  in  an  unpublished  paper  unluckily  rejected 
by  the  Smithsonian  Institution,  for  those  given  by  the  authors  of 
the  paper  he  criticizes. 

6; — Review  of  the  Progress  of  North  American  Invertebrate 
Palaeontology  for  1885.  By  J.  B.  Maroou.  American  Naturalist 
Extra,  June,  1886,  p.  505. 

This  paper  gives  a  list  and  a  short  precis  of  the  various  works 
which  have  appeared  on  the  subject  The  author  remarks  that  there 
is  a  distinct  increase  in  the  number  of  articles  on  palaeontology,  and 
that  the  tendency  to  publish  new  species  without  any  illustrations  is 
also  diminishing. 

7. — A  List  of  the  Cretaceous  Foraminifera  of  Keady  Hill.  County 
Derry.  By  Joseph  Wright,  F.G.S.  Proa  Belfast  Nat  Field  Club 
Appendix,  1885,  p.  327. 

Mr.  Wright  published  in  1874  a  list  of  the  Cretaceous  Microzoa 
of  Ireland  obtained  from  the  material  in  the  interior  of  flints,  and 
the  present  paper  contains  a  list  of  94  species  and  varieties  of 
foraminifera  from  the  base  of  the  White  Chalk  at  Keady  Hill. 
Twenty-seven  of  these  are  additions  to  the  Cretaceous  Fauna  of 

*  See  also  a  paper  by  J.  D.  Enys,  "  On  Sand-Worn  Stones  from  New  Zealand," 
Qoart.  Journ.  Geol.  Soo.  ToL  34, 1878,  p.  86, 
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Ireland,  and  three  forms,  Oaudryina  Jonesiana,  Bolivina  decoraia,  and 
Margtnultna  Beusaiana,  are  new  to  Boience.  The  new  forms,  as  well 
as  some  others,  are  figured  in  the  plate  accompanying  the  memoir. 

Q.  J.  H. 


:rjsi'vxjsi^w&. 


I. — Monograph  of  the  Earthquakes  of  Isohia.  A  Memoir 
DsALiNa  with  the  Seismio  Disturbances  in  that  Island 
FROM  Remotest  Times,  with  Special  Observations  on  those 
of  1881  AND  1883.  By  H.  J.  Johnston-Lavis,  M.D.,  F.G.S., 
etc.,  and  Some  Calculations  by  Bev.  Prof.  Samuel  Haughton, 
M.D.,  F.B.S.  4to.  pp.  112.  With  numerous  Plates  and  Photo- 
graphs.    (F.  Furchheim,  Naples;  Dulau  &  Co.,  London,  1886.) 

IN  this  work  Dr.  Johnston-Lavis  has  essayed  to  do  for  the  recent 
earthquakes  of  Ischia  that  which  was  so  well  acoomplished  for 
the  great  Neapolitan  earthquake  of  1857  by  the  late  Mr.  Bobert 
Mallet  In  the  mathematical  portion  of  the  work  he  has  been 
fortunate  in  securing  the  co-operation  of  Dr.  Haughton,  who  supplied 
Mr.  Mallet  with  the  necessary  equations  for  his  work. 

The  excellent  way  in  which  Dr.  Johnston-Lavis  made  use  of  his 
opportunities  as  a  resident  in  the  neighbourhood,  after  the  earthquakes 
of  1881  and  1883,  is  very  well  known ;  and  the  columns  of  Nature 
and  various  newspapers  were  supplied  with  detailed  accounts  of 
catastrophes  from  his  pen,  many  of  which  contain  observations 
of  considerable  scientific  value.  But  in  the  present  work,  he  has 
treated  the  whole  subject  in  a  systematic  and  comprehensive  manner, 
and  has  succeeded  in  producing  a  book  which,  like  that  of  Mallet, 
is  of  great  value  both  to  seismologists  and  geologists. 

After  a  short  introductory  chapter,  the  author  devotes  six  pages  to 
a  riBumi  of  what  is  known  concerning  the  geology  of  Ischia,  based 
on  the  researches  of  Scacchi,  Fonseca,  Yom  Bath,  Fuchs,  and  other 
geologists.  Chapters  IIL  and  IV.  are  chiefly  historical ;  the  former 
dealing  with  the  earthquakes  and  eruptions  which  have  occurred  in 
the  island  from  the  earliest  historical  times  down  to  the  present  day ; 
while  the  latter  contains  a  translation  of  CovelH's  interesting  account 
of  the  Ischian  earthquake  of  February  2nd,  1828.  Chapters  Y.  and 
YI.  are  occupied  with  the  details  of  the  author's  own  observations 
on  the  effect  of  the  earthquakes  of  March  4th,  1881,  and  of  July 
28th,  1883,  respectively.  The  destructive  effects  of  these  great  earth- 
quakes are  made  strikingly  apparent  to  every  one,  and  especially  to 
those  who  have  visited  the  island,  by  the  series  of  admirable  photo- 
graphs, taken  for  the  roost  part  by  the  author  himself,  and  repro- 
duced for  the  purpose  of  this  work  in  Turin. 

The  next  three  chapters  of  the  book  are  devoted  to  a  discussion  of  the 
nature  of  the  earthquake  waves,  and  of  the  paths  which  they  followed, 
and  to  a  determination  of  the  positions  of  the  seismic  vertical, 
the  epicentra,  and  the  isoseismals  of  the  two  earthquakes;  while, 

DBCADB  m. — YOL.  ni. — ^KO.  TUl.  24 
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from  the  observations  on  angles  of  emergence  at  various  points,  oon- 
clusions  are  deduced  as  to  the  form  of  the  '^  focal  cavity  "  and  its 
mean  depth  from  the  surface.    It  is  admitted  that  the  data  obtained 
by  those  observations  are  too  few  and  imperfect  to  base  absolutely 
reliable  conclusions  upon  ;  but  the  careful  plotting  upon  maps  and 
sections  of  those  measurements  which   seem   most  worthy  of  con- 
fidence, points  to  the  conclusion  that  the  centre  of  the  disturbance 
was  the  same  in  both  cases,  and  must  be  sought  on  a  line  less  than 
one  mile  in  length,  running  nearly  north  and  south  beneath  Casane- 
.    nella  from  near  Lacco  towards  Fontana.     The  mean  depth  of  the 
/  focus  was  calculated  for  the  earthquake  of  1881  as  518'25  metres 
/  from  the  sea-]evel,  and  that  of  1883  as  528  metres.    The  author 
f  suggests  that  the  seat  of  disturbance  is  a  vertical  fissure,  filled  with 
\  igneous  matter,  which  is  gradually  extending  itself  upwards  towards 
/  the  surface. 

In  a  chapter  on  the  phenomena  connected  with  the  earthquakes, 
the  author  points  out  that  the  Ischian  earthquakes  were  accompanied 
by  muffled  rumblings,  which  near  the  centre  were  simultaneous 
with  the  shock,  but  which  further  away  from  the  centre  preceded 
the  shock.  Dr.  John  son -La  vis'  careful  investigation  of  the  reported 
changes  in  thermal  and  other  springs  in  the  island  before  the  shock 
led  him  to  the  conclusion  that  these  reports  were  for  the  most  part 
unworthy  of  credence ;  but  in  the  case  of  a  well  near  Forio,  what 
seems  to  be  satisfactory  evidence  is  adduced  in  support  of  the 
conclusion  that  shortly  before  and  after  the  earthquake  sudden 
changes  in  the  qualities  of  the  water  took  place ;  and  Prof.  Palmieri 
suggests  that  the  well  might  be  in  communication  with  a  fnmarole, 
which  from  time  to  time  exhibited  increased  activity.  Landslips 
affecting  the  soft  tufaceous  masses  which  cover  so  large  a  part  of 
the  island  are  also  shown  to  be  a  frequent  accompaniment  of  earth- 
quake-shocks, though  they  also  sometimes  occur  quite  independently 
of  seismic  disturbances. 

In  his  two  final  chapters,,  and  in  an  appendix,  the  author  indulges 
in  some  interesting  speculations  concerning  the  cause  of  the  earth- 
quakes of  Ischia,  and  he  ventures  on  some  suggestions  as  to  the  best 
methods  by  which  their  destructive  effects  may  be  guarded  against 
or  even  prevented.  If,  as  he  thinks,  a  fissure  on  the  side  of  the 
old  volcano  of  Epomeo  is  being  extended  upwards,  till  at  last  the 
disturbances  will  culminate  in  a  volcanic  outburst,  producing  another 
parasitical  cone  on  the  old  volcano,  he  suggests  that  a  deep  bore-hole 
might  serve  as  a  safety-valve  to  prevent  the  destructive  accumulation 
of  steam.  More  practical,  perhaps,  is  the  suggestion  that  careful 
seismic  observations  with  suitable  instruments  might  result  in  ob- 
taining useful  warnings,  as  well  as  more  exact  knowledge  of  the 
phenomena.  And  latstly  he  points  out  that  not  a  little  may  be 
done,  during  the  rebuilding  of  the  towns,  in  the  selection  of  sites, 
the  arrangement  of  the  positions  and  forms  of  houses,  and  in  the 
choosing  of  the  materials  and  designs  of  their  construction,  to  ward 
off  the  terrible  dangers  which  seem  to  beset  them. 
In  concluding  this  notice  of  a  very  interesting  work,  we  must 
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heartily  congratulate  its  author  upon  the  energy  and  zeal  with  which 
he  has  performed  his  self-appointed  task,  no  less  than  on  the  character 
and  appearance  of  the  volume  in  which  he  has  recorded  his  results. 


II. — Eabthquakbs  and  othbe  Eabth-Movements.  By  Prof.  John 
Milne,  F.G.S.  With  38  Figures.  Vol.  LVI.  of  the  Inter- 
national Scientific  Series.     (Kegan  Paul,  Trench  &  Co.) 

SINCE  Mallet's  "First  Principles  of  Observational  Seismology," 
better  known  as  "  A  Report  on  the  Neapolitan  Earthquake  of 
1857,*'  no  book  has  appeared  on  this  subject  comparable  in  importance 
to  the  present  volume.  This  seems  indeed  to  mark  a  new  epoch  in 
the  progress  of  the  science,  as  that  book  certainly  marked  a  former 
epoch,  which  should  probably  be  reckoned  the  first  A  contrast  may 
be  drawn  between  the  two.  The  first  is  mainly  observational,  and 
its  observations  are  made  on  single  great  earthquakes ;  its  names  are 
Mallet  and  Hopkins ;  its  region  of  research  is  Italy ;  and  its  concep- 
tion of  an  earthquake  is  one  or  more  shocks.  The  new  epoch  is 
experimental  as  well  as  observational ;  and  its  observations  are  made 
on  all,  even  the  minutest  tremors ;  Ewing,  Gray,  Milne,  are  its  names, 
its  classic  region  is  Japan ;  and  it  conceives  an  earthquake  as  a  train 
of  vibrations.  Its  great  advance  is  due  to  the  introduction  of  an 
instrument  of  exact  research,  the  seismograph  properly  so  called,  a 
seismometer  with  recording  apparatus.  All  previous  means,  the 
author  remarks,  ought  to  be  classed  not  as  seismometers  capable  of 
measuring  a  disturbance,  but  as  bare  seismoscopes  indicating  only 
that  a  disturbance  has  taken  place. 

Our  volume  presents  a  full  view  of  the  present  state  of  knowledge 
on  this  obscure  and  difficult  subject  K  any  person  wonder  that 
so  complete  a  treatise  can  issue  from  so  remote  a  region,  let  him 
remember  that  from  that  region  come  all  the  latest  additions  to  our 
information.  Much  credit  is  due  to  Mr.  T.  Gray  for  his  revision  of 
the  proofs.  The  correctness  shows  the  pains  that  must  have  been 
bestowed.  The  only  serious  error  we  have  noticed  is  in  the  equations, 
eta,  of  p.  211.  Here  certainly  either  explanation  or  correction  is 
needed.  Ought  not  the  index  of  the  second  power  to  be  affixed  to 
each  letter  in  these  equations  ? 

No  branch  of  the  study  is  neglected :  all  receive  attention.  Even 
practical  aspects,  so  often  despised  by  men  who  suppose  themselves 
scientific,  here  have  a  full  share  of  notice.  The  'general  conclusions ' 
at  the  end  of  Chapter  VII.  give  valuable  advice  to  those  who  have 
to  build  a  house  in  a  region  exposed  to  such  dangers.  There  is  even 
a  suggestion  for  the  use  of  Earthquake  lamps  to  extinguish  them- 
selves in  the  act  of  being  overthrown.  The  *  Earthquake  coats,' 
described  as  having  pockets  ready  filled  with  provisions  as  preparation 
at  a  moment's  notice  for  spending  a  night  in  the  air,  relieve  with  a 
little  amusement  more  serious  recommendations.  Undoubtedly  the 
most  important  notes  of  advice  are  No.  8 :  *  Follow  one  of  the  two 
systems  for  constructing  an  earthquake-proof  building,'  and  No.  1 : 
'  In  choosing  a  site,  find  out  the  localities  which  are  least  disturbed.' 
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The  chapters  on  the  '  Distribution  in  Time '  of  earthquakes  contain 
much  information  and  some  valuable  tables.  Extremely  interesting 
is  an  attempt  to  exhibit  graphically  the  variations  of  seismic  eneigy 
for  a  particular  district,  that  of  Kioto,  during  twelve  centuries.  It 
is  curious  to  find  not  a  continuous  decrease  but  a  general  diminution 
interrupted  by  a  temporary  increase  four  centuries  back.  Not  much 
faith,  however,  can  be  placed  in  any  conclusions  based  on  mere 
records  of  remarkable  shocks.  We  find  surely  the  temperature  of 
a  day  easier  to  estimate  than  the  intensity  of  a  shock.  Yet  how 
uncertain  are  we  still  as  to  any  real  alterations  in  English  climate 
during  a  like  succession  of  ages. 

Far  better  founded  are  the  discussions  as  to  the  relations  of 
earthquake  frequency,  intensity,  or  time  of  occurrence,  with  seasons, 
tides,  planets,  or  barometer.  Even  here,  however,  negative  answers 
are  disappointingly  prevalent,  and  the  solitary  result  to  emerge  is 
that  their  number  is  greater  in  winter. 

More  valuable  and  far  more  trustworthy  conclusions  are  obtained 
under  the  heading,  *  Distribution  in  Space.*  The  author's  somewhat 
novel  sport  of  *  Earthquake  hunting*  (Chap.  X.)  has  already  brought 
to  light  several  facts  of  the  first  rank  in  importance.  Such  are,  the 
existence  of  groups  with  more  or  less  definite  boundaries  and  separate 
centres  of  radiation  (see  p.  191) ;  the  significant  coincidence  of  much- 
shaken  regions  with  lines  where  continents  dip  steeply  into  oceans ; 
and  the  action  of  mountain  ranges  in  barring  the  progress  of  a 
shock.  More  information  on  this  last  now  celebrated  observation  is 
very  much  to  be  desired.  Some  mountain  countries  (as  Switzerland) 
are  often  shaken.  Do  these  shocks  originate  in  the  mountains,  and 
if  so  do  they  extend  into  the  plains  ?  or  does  each  region  keep  its 
products  to  itself?  Is  there  Free  Trade  in  earthquakes  there,  or 
Protection?  If  delicate  instruments  like  Professor  Milne's  were 
judiciously  placed  and  regularly  observed,  we  think  it  probable  that 
much  information  might  be  obtained  on  points  of  this  nature. 

Descriptions  of  these  beautiful  instruments  form  a  very  interesting 
portion  of  the  book.  The  account  is,  however,  brief.  It  enables  the 
reader  to  see  the  action  of  the  machines,  but  does  not  go  very  deeply 
into  either  fundamental  principles,  or  practical  difficulties.  For 
these  a  student  must  refer  to  the  various  original  memoirs.  The 
principle  which  underlies  all  these  machines  alike  is  that  the  surface 
of  the  earth  moves,  and  that  to  obtain  a  true  record  of  its  motion, 
something  must  be  provided  which  remains  unaffected  and  does  not 
move  with  the  earth.  A  freely  suspended  pendulum  fails  because 
a  motion  of  its  point  of  attachment  soon  creates  motions  of  the  bob. 
A  slab  on  rpUing  spheres  fails  because  impulses  to  the  slab  by 
friction  from  the  balls  cannot  be  avoided.  And  whereas  a  beginner 
would  expect  a  moving  point  to  write  records  on  a  plate,  the  reader 
will  learn  that  the  writing  point  is  arranged  to  be  motionless,  while 
it  is  the  recording  plate  which  moves  with  the  earth.  The  difficulty 
of  recording  vertical  motions  by  any  device  is  so  great  that  one 
almost  disbelieves  any  measure  of  success  can  be  obtained. 
Ingenious  means  for  overcoming  these   difficulties  are  described. 
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and  students  desirons  of  learning  more  may  consult  a  paper  in 
vol.  xzxix.  of  the  Quarterly  Journal  of  the  Geological  Society  ;  and 
the  Transactions  of  the  Seismological  Society  of  Japan.  Not  the 
least  important  application  of  those  beautiful  instruments  has  been 
the  observation  of  artificial  earthquakes.  Much  curious  and  useful 
information  has  thus  been  obtained.  The  effects  of  canals  and 
even  ditches  in  arresting  surface  vibrations,  though  to  some  extent 
previously  known,  are  here  more  completely  established.  A  result 
of  the  highest  scientific  importance  that  seems  looming  in  the  possible 
future  is  a  true  measure  of  the  intensity  at  origin  of  a  disturbance, 
as  is  hinted  at  on  page  62.  One  drawback  to  the  value  of  these 
experiments  is  that  they  are  made  solely  with  disturbances  produced 
by  percussion  or  explosion,  while  we  can  hardly  doubt  that  some 
earthquakes  at  least,  and  probably  very  many,  are  due  to  causes 
which  have  no  resemblance  to  a  blow. 

Interesting  purely  theoretical  discussions  will  be  found  in  various 
parts  of  the  book.  The  diagram  in  Chap.  VII.  illustrating  reflection 
and  interference  is  clear  and  instructive,  but  readers  should  remember 
that  the  energy  of  a  reflected  shock  is  probably  greatly  diminished 
from  the  energy  of  incidence.  The  problem  of  deducing  the  origin  of 
an  earthquake  from  observations  of  its  time  of  occurrence  at  several 
distinct  points  receives  elegant  treatment  in  Chapter  X.  All  methods 
described  are  vitiated  theoretically  by  changes  in  velocity  of  pro- 
pagation (which  Prof.  Milne  himself  has  shown  to  exist),  and  practi- 
cally, in  such  cases  as  our  own  Colchester  Earthquake,  by  the 
inexactness  of  most  records  of  time.  When  these  last  can  be  trusted, 
it  is  probable  that  the  theoretical  methods  will  approximate  to  the 
true  origin,  if  there  be  one,  with  sufficient  accarapy  for  any  practical 
purpose. 

A  well-known  effect,  often  observed  and  often  commented  on,  the 
rotation  produced  in  many  objects  by  the  earthquake,  is  discussed  in 
the  chapter  on  *  Determination  of  Origins.'  Preference  is  given  to 
an  ingenious  explanation  credited  to  Mr.  Gray.  We  cannot,  however, 
ourselves  see  that  this  is  a  very  essential  advance  on  the  explanation 
given  by  Mallet.  Their  common  ^principle  is  that  a  resultant  impulse 
.which  does  not  pass  through  the  centre  of  gravity  will  create  in  the 
body  rotation,  and  the  point  of  the  new  suggestion  appears  to  be  that 
in  bodies  on  rectangular  bases,  this  impulse  must  in  general  come 
from  one  angle.  The  explanation  is  not  applicable  for  circular  bases. 
Both  seem  insufficient  in  view  of  Meldola  and  White's  observation 
('*East  Anglian  Earthquake  of  1884,"  p.  206),  that  chimneys  were 
in  general  rotated  all  in  the  same  direction ;  with  which  agrees  Prof. 
Milne's  own  remark  on  the  stones  of  the  Yokohama  cemetery. 
After  all,  what  object  is  there  in  trying  to  dispense  with  '  vorticose 
motion '  ?  As  we  are  dealing  not  with  water,  but  with  earth,  the 
only  meaning  of  the  phrase  is  that  a  vibratory  motion  is  propagated 
in  a  direction  transverse  to  the  direction  of  vibration;  the  trans- 
mission, in  brief,  of  a  wave  of  shearing  strain.  All  instruments  at 
present  in  use  only  record  the  motions  of  a  single  point,  and  none  of 
them  are  able  to  distinguish  between  normal  vibrations  and  trans- 
versal such  as  these. 
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In  Chap.  m.  a  luoid  but  too  brief  exposition  is  given  of  the 
oonsequences  from  snap  after  tension,  slip  after  shear,  and  shock 
after  explosion  of  steam.  The  question  of  Cause  is  again  referred 
to  in  Chap.  XYII.,  and  other  notices  occur.  The  accounts  of  Earth 
Tremors  and  Earth  Pulsations  refer  to  subjects  which  ought,  one 
would  hope,  to  lead  hereafter  towards  much  completer  insight  into 
earth-crust  state,  but  at  present  they  only  raise,  without  gratifying 
our  hopes.  The  possible  connection  of  these  with  secular  oscillations 
of  land  and  sea  is  necessarily  dismissed  with  no  more  than  a  re- 
ference to  the  possibility.    Materials  do  not  exist  for  anything  fuller. 

Headers  may  from  time  to  time  be  conscious  that  what  they  are 
reading  is  somewhat  familiar,  that  they  have  met  with  the  account 
or  seen  the  figure  in  some  not  very  ancient  paper,  number,  or 
volume.  Ample  defence,  were  defence  necessary,  would  be  that 
such  a  conspectus  of  knowledge  must,  from  the  nature  of  the  case, 
be  largely  a  compilation.  But  there  is  another  reason.  It  was  said 
once :  '  None  but  himself  can  l?e  his  paralleL'  Prof.  Milne  might 
almost  say  that  none  but  himself  could  be  his  authority.  Those 
most  interesting  notes  on  the  results  of  Japanese  observations  that 
have  from  time  to  time  appeared  in  ''  Nature,"  are  to  a  large  extent 
abstracts  of  papers  from  the  Seismological  Society's  Journal.  Prof. 
Milne  could  find  scarce  any  store  worth  pillaging  except  the 
productions  of  his  own  creation.  E.  EL  (Cams.). 

in. — CONTBIBUTIONS   TO   AmBBIOAN   PAKaSONTOLOOY.      Vol.   i.   No.   !• 

Published  by  E.  0.  Ulrich,  Cincinnati,  1886.     8vo.  pp.  35,  pis. 
1—3. 

ACCOBDING  to  Mr.  XJlrich's  experience,  the  learned  societies  of 
America  are  inadequate  to  the  needs  of  the  Palaeontologist,  since 
if  they  accept  papers,  they  are  unable  or  unwilling  to  furnish  the 
necessary  illustrations,  and  he  therefore  intends  to  make  himself 
independent  by  bringing  out,  from  time  to  time,  a  series  of  what  are 
styled  "  private  publications,"  of  which  the  present  number  is  the 
first. 

It  contains  descriptions  of ''  New  Silurian  and  Devonian  Fossils," 
for  the  most  part  Bryozoa.  A  fresh  classification,  to  replace  one. 
brought  forward  by  the  author  in  1882,  is  proposed  for  the  families 
Fenestellidsd  and  Acanthocladidsd.  In  the  former,  three  new  genera 
are  introduced,  but  they  are  left  without  names ;  there  is  no  descrip- 
tion of  any  type  species ;  and  their  essential  characters  appear  to  be 
extremely  slight 

Descriptions  and  figures  are  given  of  a  number  of  new  species 
belonging  to  the  genera  FencBtella^  SemieoBcinium^  Unitrypa,  Polypora^ 
Fistulipora  and  Eridopora  in  addition  to  two  new  genera,  Buscopora 
and  Zichenotrypa, 

The  author  bases  a  new  genus  of  Brachiopoda,  named  SckizdbohUf 
on  the  internal  characters  of  Discina  truncatti,  Hall.  The  generic 
affinities  are  stated  to  "  appear  to  lie  between  the  Obolidsa  on  the 
one  side  and  the  Discinidas  on  the  other;  the  dorsal  valve  is  not 
unlike  that  of  Discina,  whilst  the  whole  shell  resembles  Disoinisca, 


Digitized  byVjOOQlC 


JReporta  and  Proceedings — Oeological  Society  o/^(jmdpn^  'r  97 S 

Dall."  The  anthor  doBoribes  the  specifio  character^. i^'Tl^aiLJbutfc 
fails  to  point  out  those  which  should  mark  the  proposed-^^wrlijbiti 
its  nearest  allies.  ^-:^.  - 

A  new  species  of  Bhynchonella  is  founded  on  specimens  showing 
casts  of  the  interior,  and  a  new  species  of  Qypidia  is  described. 
Several  new  species  of  Flatyceras,  a  new  genus  of  corals,  Bucano- 
phyUumy  and  new  species  of  Stromhodes  and  Lahechia  are  introduced 
and  figured.  Finally  a  new  genus  of  Foraminifera  named  MoeUerina 
is  based  on  some  minute  orbicular  bodies  with  spiral  ridges  on  the 
outer  surface.  It  seems  to  have  escaped  the  notice  of  the  author  that 
these  bodies  have  been  already  described  and  figured  by  Professor 
Dawson,  as  Saccammina  (Calcisphara)  Eriana,  and  that  they  were 
previously  mentioned  by  Prof.  Meek  as  probably  the  fruits  of  Chara. 
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I.— June  23,  1886.— Prof.  J.  W.  Judd,  F.R.S.,  President,  in  the 
Chair. — The  following  communications  were  read  : 

1.  '*  On  some  Perched  Blocks  and  associated  Phenomena."  By 
Prof.  T.  McKenny  Hughes,  M.A.,  F.G.8. 

The  author  described  certain  groups  of  boulders  which  occurred 
on  pedestals  of  limestone  rising  from  3  to  1 8  inches  above  the  level 
of  the  surrounding  rock.  The  surfaces  of  these  pedestals  were 
striated  in  the  direction  of  the  main  ice-flow  of  the  district,  while 
the  surrounding  lower  rock  in  no  case  bore  traces  of  glaciation,  but 
showed  what  is  known  as  a  weathered  surface. 

He  inferred  that  the  pedestals  were  portions  of  the  rock  protected 
by  the  overhanging  boulder  from  the  down-pouring  rain,  which  had 
removed  the  surrounding  exposed  parts  of  the  surface.  When  the 
pedestals  attained  a  certain  height  relatively  to  the  surrounding  rock, 
the  rain  would  beat  in  under  the  boulder,  and  thus  there  was  a 
natural  limit  to  their  possible  height 

He  referred  to  the  action  of  vegetation  in  assisting  the  decompo- 
sition of  the  limestone,  and  considered  that  there  were  so  many 
causes  of  different  rates  of  waste  and  so  many  sources  of  error,  that 
he  distrusted  any  numerical  estimate  of  the  time  during  whicb  the 
surrounding  limestone  had  been  exposed  to  denudation. 

Considering  the  mode  of  transport  of  the  boulders,  he  thought  that 
they  could  not  have  been  carried  by  marine  currents  and  coast-ice, 
as  they  had  all  travelled,  in  the  direction  of  the  furrows  on  the  rock 
below  them,  from  the  parent  rock  on  the  north.  Moreover,  marine 
currents  would  have  destroyed  the  glaciation  of  the  rock  and  filled 
the  hollows  with  debris. 

Furthermore,  the  boulders  and  strisd  are  found  in  the  same  district 
at  such  very  different  levels  and  in  such  positions  as  to  preclude  the 
possibility  of  their  being  due  to  icebergs. 

Nor  could  the  boulders  represent  the  remainder  of  a  mass  of  drift 
which  had  been  removed  by  denudation,  for  the  following  reasons: — 
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1.  They  were  all  oomposed  of  one  rook,  and  that  invariably  a  rook 
to  be  found  in  place  close  by. 

2.  Any  denudation  which  could  haye  remoTed  the  day  and 
smaller  stones  of  the  drift  would  have  obliterated  the  traces  of 
glaciation  on  the  surface  of  the  rock. 

3.  The  boulder  which  had  protected  the  fine  glacial  markings 
below  it  from  the  action  of  the  rains  would  certainly  in  some  cases 
have  preserved  a  portion  of  the  stiff  Boulder-day. 

4.  The  margin  of  the  Boulder-clay  along  the  flanks  of  Ingle- 
borough  was  generally  marked  by  lines  of  swallow-holes,  into 
which  the  water  ran  off  the  Boulder-day ;  and  when  the  impervious 
beds  overlying  the  limestone  had  been  cut  back  by  denudation,  a 
number  of  lines  of  swallow-holes  marked  the  successive  stages  in 
the  process ;  but  there  was  not  such  evidence  of  the  former  extension 
of  the  drift  up  to  the  Norber  boulders. 

6.  The  boulders  themselves  were  not  rounded  and  glaciated  in  the 
same  way  as  the  masses  of  the  same  rock  in  the  drift,  but  resembled 
the  pieces  now  seen  broken  out  by  weathering  along  the  outcrop  of 
the  rock  close  by. 

Having  thus  shown  the  improbability  of  these  boulders  having 
been  let  down  out  of  a  mass  of  drift  the  finer  part  of  which  had 
been  removed  by  denudation,  or  of  their  having  been  masses  floated 
to  their  present  poRition  on  shore-ice,  he  offered  an  explanation  of 
their  peculiar  position,  which  he  thought  was  not  inconsistent  with 
the  view  that  they  belong  to  some  part  of  the  age  of  land-ice. 

That  they  were  to  be  referred  to  some  exceptional  local  dronm- 
stances  seemed  clear  from  the  rarity  of  such  glaciated  pedestals, 
while  boulders  and  other  traces  of  glaciation  were  universal  over 
that  part  of  the  country.  He  therefore  pointed  out  in  explanation, 
that  they  occurred  always  where  there  was  a  great  obstacle  in  the 
path  of  the  ice: — at  Guns  wick  the  mass  of  Kendal  Fell  curving 
round  at  the  south  and  across  the  path  of  the  ice ;  at  Farleton  the 
great  limestone  escarpment  rising  abruptly  from  Orooklands ;  at 
Norber  the  constriction  of  the  Cnimmack  valley  near  Wharfe  and  the 
great  mass  of  Austwich  grit  running  obliquely  across  its  mouth.  In 
all  these  cases  the  ice  had  to  force  its  way  up  hill ;  and  there  would 
be  a  time  when  it  would  just  surmount  the  obstacle  after  a  season  of 
greater  snowfall,  and  fall  back  after  warm  seasons,  until  it  fell  back 
altogether  from  that  part  During  the  season  of  recession,  boulders 
would  be  detached  below  the  ice-foot ;  during  the  seasons  of  advance 
they  would  be  pushed  forward ;  and  in  those  exceptional  localities 
of  isolated  hills  from  which  the  drainage  from  higher  ground  was 
cut  off,  the  boulders  were  left  on  a  clean  furrowed  surface  of  lime- 
stone, which  was  then  acted  upon  by  rain-water  and  the  vegetation, 
except  where  protected  by  the  boulders. 

2.  '*  On  some  Derived  Fragments  in  the  Longmynd  and  Newer 
Archffian  Rocks  of  Shropshire."  By  Dr.  Charles  Callaway,  F.G.S. 

Further  evidence  was  added  to  that  given  in  the  author's  previous 
paper  (Q.J.G.S.  1879,  p.  661),  to  show  that  the  Longmynd  rocks 
of  Shropshire  were  chiefly  composed  of  materials  derived  from  the 
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TJrioonian  series,  and  that  the  Urioonian  series  itself  (Newer 
Archffian)  was  partly  formed  from  the  waste  of  pre-existing  rocks. 
This  evidence  consisted  of  (1)  the  presence,  throughout  the  greatly 
developed  Longmynd  conglomerates  and  grits,  of  purple  rhyolite 
fragments,  recognized  by  microscopical  characters  as  identical  with 
the  Urioonian  rhyolites  of  the  Wrekin,  and  the  occurrence  of  grains, 
probably  derived  from  the  same  rhyolites,  in  the  typical  green  slates 
of  the  Longmynd ;  and  (2)  the  existence  of  conglomerate  beds  con- 
taining rounded  fragments  of  granitoid  rock  in  the  core  of  the 
Wrekin  itself,  whilst  the  Urioonian  beds  of  other  localities,  and 
especially  those  of  Charlton  Hill,  contained  waterwom  pebbles, 
chiefly  metamorphia  These  pebbles  appeared  to  have  been  derived 
from  metamorphio  rocks  of  three  distinct  types.  The  views  put 
forward  were  founded  on  microscopical  evidence,  of  which  some 
details  were  given  in  the  paper,  and  were  supported  by  the  views 
of  Professor  Bonney,  who  had  furnished  notes  on  the  microscopical 
characters  of  the  rocks. 

3.  '<  Notes  on  the  Belations  of  the  Lincolnshire  Oarstone."  By 
A.  Strahan,  Esq.,  M.A.,  F.G.8. 

The  Lincolnshire  Carstone  has  hitherto  been  supposed  to  be 
correlative  with  the  upper  part  of  the  Speeton  series,  and  to  be  quite 
nnconformably  overlain  by  the  Red  Chalk  (Quart.  Journ.  Gteol.  Soc. 
vol.  xxvi.  p.  326-347).  But  the  overlap  of  the  Carstone  by  the 
Red  Chalk,  which  seemed  to  favour  this  view,  is  due  to  the  northerly 
attenuation,  which  is  shared  by  nearly  all  the  Secondary  rocks  of 
Lincolnshire.  Moreover,  the  Carstone  rests  on  different  members 
of  the  Tealby  group,  and  presents  a  strong  contrast  to  them  in  litho- 
logical  character,  and  in  being,  except  for  the  derived  fauna,  entirely 
nnfossiliferous.  It  is  composed  of  such  materials  as  would  result 
from  the  "  washing  "  of  the  Tealby  beds. 

In  general  it  is  a  reddish-brown  grit,  made  up  of  small  quartz- 
grains,  flakes  and  spherical  grains  of  iron-oxide,  with  rolled  phos- 
phatic  nodules.  Towards  the  south,  where  it  is  thick,  the  nodules 
are  small  and  sporadic.  Northwards,  as  the  Carstone  loses  in 
thickness,  they  increase  in  size  and  abundance,  so  as  to  form  a 
"  coprolite-bed,"  and  have  yielded  specimens  o^  Ammonites  speetonensts, 
A.  plicomphalus,  Lucina,  etc.  When  the  Carstone  finally  thins  out, 
the  conglomerate  character  invades  the  Red  Chalk,  similar  nodules 
being  then  found  in  this  rock. 

The  presence  of  these  nodules,  with  Neocomian  species,  taken  in 
connexion  with  the  character  of  the  materials  of  the  Carstone,  points 
to  considerable  erosion  of  the  Tealby  beds.  On  the  other  hand, 
there  is  a  passage  from  the  Carstone  up  into  the  Red  Chalk.  It 
would  seem,  then,  that  the  Carstone  should  be  regarded  as  a  '*  base- 
ment-bed "  of  the  Upper  Cretaceous  rooks. 

The  Lincolnshire  Carstone  is  probably  equivalent  to  the  whole  of 
the  Hunstanton  Neocomian,  the  impersistent  clay  of  the  latter  being 
a  very  improbable  representative  of  the  Tealby  Clay.  It  therefore 
follows  that  the  whole  Speeton  series  is  absent  in  Norfolk,  and  also 
in  Bedfordshire.    The  unconformity  at  the  base  of  the  Carstone 
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beoomes  greater  soathwards,  and  the  nodules  have  been  derived 
from  older  rocks.  Similarly  north  of  Lincolnshire,  where  the  Spee- 
ton  series  is  overlapped,  the  nodules  in  the  Red  Chalk,  marking  the 
horizon  of  the  Carstone,  have  been  derived  from  Oolitic  rocks. 

In  the  South  of  England  it  would  seem  that  equivalents  of  the 
Speeton  series  reappeah  The  Atherfield  clay  contains  an  indigenous 
Upper  Speeton  fauna,  while  a  pebble-bed  near  the  base  of  the  Folke- 
stone beds  is  described  by  Mr.  Meyer  as  containing  derived  Oolitic 
pebbles,  and  being  probably  the  representative  of  the  Upware  de- 
posit, and  presumably,  therefore,  also  of  the  Lincolnshire  Carstone. 

4.  "  The  Geology  of  Cape-Breton  Island,  Nova  Scotia."  By  Edwin 
Gilpin,  Esq.,  Jun.,  A.M.,  F.R.S.C.,  Inspector  H.M.*s  Mines. 

After  referring  to  previously  published  descriptions  of  Cape  Breton 
geology,  the  author  stated  that  the  various  formations  found  in  the 
island  had  been  thus  classified  by  the  officers  of  the  Geological 
Survey : — 

Pre-C«nbri.n  (I^«re«ti«i)  i««l»a^r{S:  ^^l^^ti^^tone^rie.. 

Lower  Silurian,  f  Lower  Coal-formation. 

DeTonian.  ]  i  G^sif erous  series. 

Carboniferoos,  including •{  (Limestones,  etc. 
MUlstone-Orit. 
(,  Middle  Coal -formation. 

He  then  proceeded  to  give  an  account  of  each  system  and  its  sub- 
divisions in  order,  commencing  with  the  most  ancient  and  adding  a 
few  detailed  sections  of  the  rocks  belonging  to  some  of  the  principal 
series.  He  described  the  distribution  and  i*elations  of  the  several 
divisions. 

The  paper  concluded  with  a  few  notes  on  the  superficial  geology 
of  the  island.  There  is  a  general  absence  of  moraines  and  of  the 
fossiliferous  Post-Pliocene  marine  clays  of  the  Lower  St  Lawrence. 
The  older  beds  are  generally  exposed,  but  deeper  soils  and  deposits 
with  erratic  boulders  are  found  overlying  the  Carboniferous  beds. 
Marks  of  recent  ice-action  are  found  on  the  shores  of  some  of  the 
lakes,  and  are  due  to  the  ice  being  driven  by  the  wind. 

6.  "  On  the  Decapod  Crustaceans  of  the  Oxford  Clay."  By  James 
Carter,  Esq.,  F.G.S.,  eta 

The  author  commented  on  the  paucity  of  these  fossils  as  indicated 
in  British  lists,  only  three  or  four  species  having  hitherto  been 
recorded. 

The  discovery  of  considerable  numbers  of  Decapod  Crustaceans 
in  the  Oxford  Clay  of  St  Ives  has  enabled  the  author  to  increase 
the  list  materially.  Many  have  been  collected  by  Mr.  George,  of 
Northampton.  These  fossils  occur  in  the  clay  immediately  breath 
the  St.  Ives  rock,  and  therefore  presumably  in  the  uppermost  zone 
of  the  Oxford  Clay.  Many  of  the  specimens  are  more  or  less 
mutilated,  but  some  fifteen  or  sixteen  distinct  species  have  been 
made  out  None  of  these  have  been  recorded  as  British  except 
Eryma  Baheaui,  mentioned  by  Mr.  Etheridge  as  having  been  found  in 
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the  Kimmeridge  Clay.    Seven  species  are  identified  as  foreign  forms, 
and  seven  are  new  to  science.     They  are  distributed  as  follows : — 

Eryon      1        spedeB. 

Eryma     6  or  6     „ 

Glyphea 2  „ 

Magila     2  or  8     „ 

Meeoehirua      2  „ 

Oonioehorua    1  „ 

nndetermined 3  „ 

Nearly  all  the  forms  belong  to  the  type  of  the  Maorura,  the  Bra- 
chyura  being  doubtfully,  if  at  all,  represented. 

6.  "  Some  Well-sections  in  Middlesex."  By  W.  Whitaker,  Esq., 
B.A.  Lond.,  F.G.S. 

Accounts  of  many  well-sections  and  borings  having  been  received 
since  the  publication  of  vol.  iv.  of  the  Geol.  Survey  Memoirs,  the 
author  now  gave  more  or  less  detailed  descriptions  of  fifty-six  of 
these,  all  in  the  Metropolitan  county,  and  all  either  unfinished  or, 
in  a  few  cases,  with  further  information  as  to  published  sections. 
The  depths  range  from  69  to  700  feet,  more  than  half  being  300  feet 
or  more  deep.  Nearly  all  pass  through  the  Tertiary  beds  into  the 
Chalk,  and  most  have  been  carried  some  way  into  the  latter.  Papers 
descriptive  of  like  sections  in  Essex,  Herts,  and  Surrey  have  been 
sent  to  Societies  in  these  counties. 

7.  "On  some  Cupriferous  Shales  in  the  Province  of  Houpeh, 
China."     By  H.  M.  Becher,  Esq.,  F.G.S. 

This  communication  contained  some  geological  observations  made 
during  a  visit  to  a  locality  on  the  Yangtse  river,  near  I-chang,  about 
1000  miles  from  the  sea,  for  the  purpose  of  examining  a  spot  whence 
copper-ore  (impure  oxide  with  some  carbonate  and  sulphide)  had 
been  procured. 

The  principal  formations  in  the  neighbourhood  of  1-chang  were 
said  to  be  Palaeozoic  (probably  Carboniferous)  limestones  of  great 
thickness,  overlain  by  brecciated  calcareous  conglomerate  and  reddish 
sandstones,  which  form  low  hills  in  the  immediate  vicinity  of  the 
city.  About  fifty  miles  further  west  the  limestones  pass  under  a 
great  shale- series  with  beds  of  coal,  the  relations  of  which  to  the 
sandstones  are  not  clearly  ascertained. 

The  copper-ore  examined  by  the  writer  came  from  the  shales, 
which  contained  films  and  specks  of  malachite  and  chrysocolla,  and 
in  places  a  siliceous  band  containing  cuprite,  besides  the  oxydized 
minerals,  was  interstratified  in  the  beds.  Occasionally  larger  masses 
of  pure  copper-ore  are  found  imbedded  in  the  strata.  The  ground 
had  not  been  sufficiently  explored  for  the  value  of  the  deposits  to 
be  ascertained. 

8.  "  The  Cascade  Anthracitic  Coal-fields  of  the  Bocky  Mountains, 
Canada."     By  W.  Hamilton  Merritt,  Esq.,  F.G.S. 

The  coal-field  named  occurs  in  the  most  eastern  valley  of  the 
Bocky  Mountains,  that  of  the  Bow  river,  and,  like  other  coal-fields 
of  the  country,  consists  of  Cretaceous  rocks,  which  lie  in  a  synclinal 
trough  at  an  elevation  of  about  4300  feet  above  the  sea.  The  under- 
lying beds,  of  Lower  Carboniferous  or,  possibly,  Devonian  age,  rise 
into  ranges  8000  feet  higher. 
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Further  to  the  eastward  the  Jarasaic  and  Gretaoeoas  ooal  contains 
a  large  percentage  of  hygroscopic  water  and  volatile  oombostible 
matter,  and  has  the  mineral  composition  of  lignite.  The  average 
composition  is : — 

Fixed  carbon        42  per  cent 

Volatile  combustible  matter 34      „ 

Hygroscopic  water 16      „ 

*»Pn«»«     •••     •••     •••     •••     •••     •••     •••     •••     •••      O      ly 
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As  the  mountains  are  approached,  the  amount  of  hygroscopic  water 
is  found  to  diminish  by  about  one  per  cent,  for  every  ten  miles,  and 
fifteen  miles  from  the  range  the  percentage  is  about  five.  In  the 
foot-hills  the  lignites  pass  into  a  true  coal,  with  1*63  to  6*12  per  cent, 
of  hygroscopic  water,  and  50  to  63  per  cent,  of  fixed  carbon.  In  the 
Cascade-river  Coal-field  the  average  character  of  the  coal  is  that  of 
a  semianthraoite,  with  the  following  composition : — 

Fixed  carbon       80*93  per  cent. 

Volatile  combostible  matter       10*79      „ 

Hygroscopic  water      71      »> 

aBU  •••      •••      .••      ...      ...      .••      ...      ...      •••         f  Of         ,, 
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The  coal-seams  have  been  subjected  to  great  pressure,  and  the 
change  in  the  quality  of  the  coal  appears  to  be  due  to  metamorphic 
influence. 

9.  "  On  a  new  Emydine  Chelonian  from  the  Pliocene  of  India." 
By  R.  Lydekker,  Esq.,  B.A.,  F.G.S. 

The  author  described  the  shell  of  an  Emydine  Tortoise  from  the 
Siwaliks  of  Perim  Island,  Qulf  of  Cambay,  which  he  r^arded  as 
decidedly  distinct  from  any  of  the  previously-described  Siwalik 
species,  and  proposed  to  refer  to  the  genus  Clemmya,  with  the  name 
of  C.  Watsoni,  in  compliment  to  the  donor  of  the  specimen. 

10.  "  On  certain  Eocene  Formations  of  Western  Servia."  By  Dr. 
A.  B.  Griffiths,  F.R.S.E.,  F.C.8.     Communicated  by  the  President 

A  great  thickness  of  paper-shales  containing  paraffin  occurs  near 
the  river  Oolabara ;  these  extend  over  30  square  miles  of  country. 
Small  beds  of  clay  with  rock-salt  are  also  found :  the  whole  is  said 
to  resemble  the  paraffin  and  salt  districts  of  Ghtlioia.  The  paraffin 
shale  is  free  from  bituminous  impurities.    It  contains : — 

Paraffin  wax 1*76  per  coit. 

Water  of  combination 3*02      „ 

Ammonia       1*18      „ 

The  mineral  constituents  of  the  shale  are : — 

Alumina         82*86  per  cent. 

Iron  oxide       6*20 

Magnesia 1*26 

lime 1*21 

Potash     2*17 

Dooa •••    ...    •*.    •.•    ...    ...    ...    ...    ...    ...  V  41 

Silica       66*86 

J-toes...     •••    •••    ...    •••    •*.    ...    ...    ...    ...  u  Ut 
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The  brown  coal  of  the  neighbourhood,  whose  natural  distillation 
has  most  probably  yielded  the  hydrocarbon  in  the  shales,  contains : — 

Carbon      49*2  per  cent. 

Hydrogen 1*1      ,, 

Water,  combined      30-2      ,, 

Water,  hygroscopic 19*6      „ 

100-00 
The  beds  containing  these  coals  have  been  invaded  by  eruptive 
porphyry  and  trachytic  rocks,  of  which  the  former  contains  76^  and 
the  latter  61  per  cent  of  silica. 

The  clays  from  which  the  shales  were  originally  formed  contain 
abundance  of  marine  Diatomacesd  and  Foraminifera  (chiefly  Num- 
mulites),  as  also  species  of  Ostrea,  Cyrena,  Cerithium,  Voluta,  and 
Hauiilus,  together  with  the  remains  of  Placoid  and  Teleostean  fishes. 


♦ 

TVATER-BEARING  NODULES  IN  THE  LOWER  GREENSANDS. 

Sib, — The  brilliant  and  varied  oolouring  of  the  Lower  Greenaands 
at  the  Great  Northern  Kail  way  at  Sandy  Junction,  and  at  Flit  wick 
Station  on  the  Midland  line,  must  be  familar  to  every  one  who  has 
travelled  those  districts.  At  Sandy,  the  cutting  is  a  deep  one  and 
nearly  all  in  clean  sand,  varying  through  shades  of  green,  grey 
and  yellow,  the  yellow  predominating,  to  almost  pure  white.  At 
Flitwick,  the  colouring  is  still  more  varied ;  beautifully  tinted  bands 
of  a  fleshy  pink  or  salmon  tint,  merging  into  violet,  appear  near 
the  bottom  of  the  pit  from  which  Mr.  Franklin,  of  Bedford,  obtains 
his  sand.  The  parti-coloured  bands  are  more  numerous  at  this  place 
than  I  recollect  seeing  elsewhere  in  Bedfordshire,  although  the  white 
and  yellow  sand  at  Heath  and  Beach,  makes  very  picturesque  open- 
ings amongst  the  woods  and  ferns.  The  sands  at  Flitwick  remind 
one  of  the  assemblage  of  colours  met  with  in  the  sands,^  from  which 
the  well-known  sand  pictures  are  made  in  the  Isle  of  Wight. 

But  besides  the  varied  colouring,  ironstone  nodules,  associated 
with  hard  lumps  of  ferruginous  rock,  like  the  carstone  quarried  at 
Snettisham  in  Norfolk,  are  very  general  in  the  Greensand.  Being 
of  all  shapes  and  sizes  and  in  every  stage  of  growth,  they  are 
curious  to  look  upon,  and  still  more  interesting  to  crack  for  the 
fossils  and  sparry  crystals  that  are  sometimes  found  inside  them. 
An  abundance  of  these  concretions  occurs  both  at  Sandy  and  Flitwick, 
some  spherical,  others  tabular,  and  many  other  forms. 

With  Ehodes,  the  fossil  collector,  I  have  lately  obtained  a  number 
of  these  nodules  from  Flitwick,*  some  of  which,  for  description  sake, 
and  from  the  fact  of  their  having  water  in  them,  I  have  designated 
water-bearing  nodules.  These  are  readily  distinguished  from  others 
inclosing  phosphatized  fossils  (principally  the  internal  casts  of  some 

1  Bagshot  Sands. 

*  From  the  peat  at  Flitwick  I  picked  oat,  last  year,  a  small  flint  implement 
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species  of  oyster),  by  being  audibly  fall  of  water  when  shaken. 
Many  contain  only  sand,  lime  or  earthy  matter,  perhaps  the  residue 
of  fossils  destroyed. 

Collecting  the  water-bearing  nodules  is  somewhat  akin  to  choosing 
oocoa-nuts  at  the  greengrocer's.  We  pick  up  one  after  the  other  from 
the  ground,  rejecting  the  light  ones,  and  those  that  give  forth  no 
sound,  in  favour  of  those  which,  like  the  cocoa-nuts  with  milk,  bear 
unmistakeable  evidence  of  containing  liquid. 

What  the  nature  of  this  liquid  may  be,^  or  what  duration  of  time 
has  elapsed  since  it  was  sealed  up  in  these  portable  reservoirs,  is  not 
for  me  at  present  to  say,  having  as  yet  made  no  minute  examination. 
The  specimens  contained  water  when  we  picked  them  up,  as  did 
others  when  split  with  the  hammer.  Since  bringing  them  home, 
they  have  been  in  a  warm  room,  and  the  water  from  some  reason, 
probably  increased  temperature,  has  evaporated  or  disappeared.  The 
iron  pan  which  forms  the  walls  of  the  cavity  may  be  porous, 
and  1  have  placed  them  in  a  vessel  of  water,  expecting  them  to 
become  water-bearing  nodules  again ;  the  phenomenon  would  then  be 
probably  explained,  by  supposing  that  during  periods  of  wet  these 
nodules  absorb  the  water  percolating  through  the  Greensand. 

It  then  becomes  a  question  whether  these  nodules  may  not  be 
a  cause  of  diminution  in  the  water  supply  ?  in  districts  where  they 
are  largely  developed.  But  against  the  absorption  theory,  remains 
the  fact  that  the  weather  was  very  warm  and  fine  when  the  nodules 
were  gathered,  and  the  recent  heavy  rains  had  not  set  in.^ 

A.  G.  Cameron, 
Bedford.  H.  M.  Geolo^cal  Surrey. 


ON  THE  TERM  NEOCOMIAN. 


Sib, — In  writing  his  article  upon  the  above  subject,  in  the  last 
Number  of  the  Geological  Magazine,  my  friend  Mr.  Jukes-Browne 
appears  to  have  been  labouring  under  a  curious  and  very  unfortunate 
misconception.     He  says  : — 

"  For  many  years  English  geologists  were  content  with  the  nomen- 
clature employed  by  the  earlier  students  of  the  Cretaceous  system — 
Webster,  Murohison,  Mantell  and  Fitton.  In  1864,  however,  the 
French  term  Neocomian  was  introduced  by  Prof.  Judd,  who  adopted 
it  for  the  Cretaceous  portion  of  the  Speeton  Clay,  and  Sir  Charles 
Lyell  subsequently  used  it  as  a  synonym  for  the  whole  Lower 
Cretaceous  series  in  England,  as  distinct  from  the  Upper  CretSMseous 
series  or  the  beds  lying  above  the  Lower  Greensand." 

Through  the  whole  of  the  following  pages,  the  writer  of  the  article 
enlarges  upon  this  text,  treating  myself  as  responsible  for  the  error, 

^  Since  writing  the  aboye,  it  has  been  inggeeted  to  me  that  an  analysis  of  the 
water  might  be  made.  This  would  of  conrse  be  a  valuable  guide  to  the  souroe  of 
supply.— A.  G.  C. 

*  1*  or  a  description  of  the  mode  of  formation  of  the  ironstone  concretions,  see 
Penning,  Gbol.  Mao.  Dec.  II.  Vol.  III.  p.  2X8.  Geology  of  Cambridge,  Geolo- 
gical Survey  Memoir,  p.  12,  Penning  and  Jukes-firowne. 
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as  he  regards  it,  of  introducing  the  term  Neocomian  into  English 
geological  literature. 

Now  what  are  the  real  facts  of  the  case  ?  For  the  last  forty  or 
fifty  years  the  term  Neooomian  has  heen  quite  commonly  applied,  by 
many  eminent  English  geologists,  to  a  part  or  to  the  whole  of 
the  Lower  Greensand,  and  even  those  who  are  prepared  to  credit 
me  with  the  most  phenomenal  precocity,  could  scarcely  charge 
me  with  leading  astray  my  fathers  in  science  so  long  ago  as  that. 
The  author  who  had  the  chief  honour,  as  I  esteem  it,  of  introducing 
the  term  to  English  science  was  the  late  Mr.  R.  A.  C  Godwin- 
Austen,  and  his  practice  dates  at  least  as  far  back  as  the  year  1843. 
If  my  friend  Mr.  Jukes- Browne  will  refer  to  several  memoirs  by 
that  author — such  as  those  "On  the  Geology  of  the  South-East 
of  Surrey"  (Proc.  Geol.  Soo.  vol.  iv.  (1843),  pp.  167-173, 
196-198) ;  "  On  the  Age  and  Position  of  the  Fossiliferous  Sands 
and  Gravels  of  Farringdon"  (Quart.  Journ.  G^ol.  Soc.  vol.  vi. 
(1851),  pp.  464-478);  and  "On  the  Possible  Extension  of 
the  Goal-measures  beneath  the  South-Eastern  part  of  England" 
(Quart.  Journ.  Geol.  Soo.  vol.  xii.  (1856),  pp.  38-73)— he  will  find 
that  Mr.  Austen  not  only  uniformly  employs  the  term  Neooomian 
for  a  part  at  least  of  the  Lower  Greensand,  but  that  he  defends 
his  practice  by  some  very  judicious  and  cogent  argiiments.  If 
the  writer  of  the  article  will  look  through  the  contemporary 
geological  literature  in  this  country,  he  will  also  find  that  the 
example  of  Mr.  (Jodwin-Austen  was  followed  by  other  geologists  of 
high  reputation. 

Of  course  Mr.  Godwin- Austen — who  happened  to  have  a  remark- 
ably extensive  acquaintance  with  continental  geology — was  well  aware 
of  the  fact  referred  to  by  Mr.  Jukes-Browne,  that  at  Neuchatel  there  is 
no  exact  representative  of  our  Lower  Greensand ;  but  Mr.  Godwin- 
Austen's  arguments,  based  on  the  fact  that  the  fossils  of  our  English 
formation  (or  at  least  of  the  lower  part  of  it)  are  very  similar  to 
those  of  the  Neooomian,  while  they  are  on  the  whole  very  different 
from  those  of  the  Upper  Gretaoeous,  have  always  seemed  to  me  to 
be  worthy  of  the  most  careful  oonsideration ;  and  many  other  geolo- 
gists, I  find,  have  acknowledged  their  weight  by  following  his 
example. 

My  own  part  in  connection  with  this  question  was  very  different 
from  what  my  friend  supposes ;  it  consisted  in  describing  a  series 
of  strata,  in  Lincolnshire  and  Yorkshire,,  which  are  for  the  most  part 
older  than  the  Lower  Greensand,  and  correspond  in  age  with  strata 
on  the  Oontinent  which  all  geologists,  including  Mr.  Jukes-Browne, 
agree  in  calling  Neooomian.  At  the  same  time,  as  I  have  already 
stated  in  a  paper  in  this  Journal  (Geol.  Mag.  Vol.  VII.  1870,  p.  220), 
I  have  always  regarded  Mr.  G^ win- Austen's  proposal  to  extend 
the  use  of  the  term  as  originally  defined,  so  as  to  include  the  English 
Lower  Greensand,  to  be  much  more  logical  and  defensible  than  that 
of  M.  D*Orbigny — which  was  to  restrict  the  name  to  one  part  of 
the  series. 

Considering,  as  I  do,  the  Neooomian  to  be  a  great  continuous 
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system  of  strata,  with  no  very  important  breaks  in  it,  the  conven- 
tional limits  which  are  to  be  adopted  for  the  Upper,  Middle  and 
Lower  divisions,  respectively,  appear  to  me  to  be  a  question  of  by 
no  means  great  importance.  At  the  same  time,  any  attempt  to 
disturb,  without  very  good  cause  shown,  names  which  have  come 
into  general  use,  or  to  alter  the  definition  of  terms  which  have  been 
generally  accepted — whether  the  attempt  be  made  by  officers  of  the 
Geological  Survey,  in  their  individual  or  their  corporate  capacity — 
will,  I  strongly  suspect,  prove  a  hopeless,  as  I  am  sure  that  it  is  a 
useless,  task.  Consequently,  I  trust  the  idea  of  "  formulating  a  new 
nomenclature "  as  the  result  of  '*  the  revision  by  the  members  of 
the  Geological  Survey  "  of  the  Cretaceous  rocks  of  England,  is  one 
that  will,  in  moments  of  calmer  reflection,  be  abandoned.  Scientific 
names  go  through  a  **  struggle  for  existence,"  and  the  fittest  survive. 
I  trust  my  friend  Mr.  Jukes-Browne  will  draw  a  moral  from  the 
fact,  that  the  name  Neocomian  has  shown  a  very  considerably  greater 
vitality  than  he  seems  to  have  suspected. 

But  while  Mr.  Jukes-Browne  gives  me  credit  for  that  of  which  I 
cannot  possibly  accept  the  honour,  he  himself  assumes  a  respon- 
sibility which,  it  seems  to  me,  he  is  not  called  upon  to  bear.  In 
speaking  of  *'  the  merits  of  the  name  (Vectian)  which  I  have  already 
proposed  as  a  substitute  for  Lower  Greensand,"  he  must  surely  have 
forgotten  a  well-known  passage  in  the  works  of  Dr.  Fitton.  After 
remarking  that  he  had  long  since  stated  his  objections  to  the  use  of  the 
term  Lower  Greensaud,  that  author  writes  as  follows: — "If  here- 
after a  change  be  thought  desirable,  he  conceives  that  the  new 
denomination  should  be  taken  from  the  Isle  of  Wight,  where  this 
portion  of  the  sub-cretaceous  groups  was  first  distinguished,  and 
where  the  sections  on  the  coast  are  remarkable  for  their  distinctness ; 
and  if  such  a  case  should  arise,  he  suggests  the  name  Vectine  for  the 
strata  now  called  Lower  Green  Sand,  from  the  ancient  name  of  tliat 
island, — Insula  Vectis  of  the  Komans"  (Quart  Journ.  Geol.  Soc. 
1845,  vol.  i.  p.  189). 

As  the  paper  in  which  this  passage  occurs  was  read  in  1844  and 
published  in  1845,  it  seems  to  me  scarcely  more  likely  that  Mr. 
Jukes- Browne  could  have  offered  useful  hints  on  the  subject  to  Fitton 
than  that  I  was  engaged  in  a  previous  year  in  improperly  influencing 
God  win- Austen.  John  W.  Judd. 


Eruption  of  Mount  Tabawbra,  North  Island,  New  Zealand. 
— ^A  most  destractive  volcanic  outburst  occurred  on  the  night  of  the  9th  of  June, 
from  Tarawera,  a  mountain  not  more  than  3000  feet  high,  which  rises  near  the  lake 
of  the  same  name,  and  about  nine  miles  from  Rotomahana.  At  two  o*olock  a  shock 
of  greater  yiolence  occurred  followed  by  a  terrific  roar,  a  pillar  of  light  shot  up  from 
the  summit  of  Tarawera,  molten  lava  and  hot  mud  were  rained  abroad,  while  huge 
rocks  were  thrown  up  and  around  in  all  directions.  Showers  of  hot  cinders  and 
boiling  mud  covered  the  settlement  of  Wairoa,  killing  on  the  spot  or  burying  alive 
numbers  of  persons.  For  sixty  miles  the  destruction  has  spread.  About  100  persons 
have  perished,  whilst  villages  and  settlements  are  covered  with  eight  or  ten  feet  of 
mud  or  ashes.    We  hope  to  give  a  fuller  account  in  our  next  number. 
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I. — On  Some  New  or  Tmpebpeotly  Known  Madbeporaria  from 
THE  Inferior  Oolite  of  Oxfordbhirb,  Qlouobstbrshirb  Aim 
Dorsetshire. 

By  BoBERT  F.  ToiMS,  Esq. 

(PLATE  X.) 

IN  the  thirty-eighth  yolume  of  the  Quarterly  Journal  of  the 
Geological  Society  is  a  paper  by  me  on  ihe  Corals  of  the 
Inferior  Oolite,  and  in  the  following  volume  is  one  on  the  Corals 
of  the  Great  Oolite.  The  forty-first  volume  of  the  same  periodical 
oontains  a  supplement  to  the  latter,  but  to  the  former  no  such 
addition  has  yet  been  made.  The  present  communication  makes 
good  that  deficiency,  and  is  a  supplement  to  it  It  contains,  besides 
the  description  of  some  new  species,  additional  remarks  on  others 
alreadj  known,  mention  of  genera  about  which  doubt  has  been  ex- 
pressed, and  the  description  of  one  which  I  consider  new.  Another 
genus,.  Stephanoocsniaf  Uiough  well  known  elsewhere,  has  up  to  the 
present  time  remained  unrecognized  as  British,  .and  is  now  introduced 
on  the  evidence  of  two  well-marked  species  from  the  Inferior  Oolite 
of  Gloucestershire.  The  addition  to  our  Coral  fauna  of  such  genera 
as  the  above,  and  of  others  equally  well  known  which  I  have  also 
had  the  opportunity  of  making  known,  is  of  even  greater  interest 
than  the  discovery  of  new  genera  and  species.  Epismiliaj  Donaco* 
smilia,  CyathophylUa,  Adelastnea,  StyloamUia,  Bhizangia,  Thecoaeria, 
Zeptophyllia,  and  EnaUoheUa,  form  a  valuable  contribution  towards 
the  Coral  fauna  of  this  country. 

Three  papers  on  Fossil  Madreporaria  have  lately  appeared  from 
the  pen  of  Professor  Duncan,  two  of  which  are  professedly  criticisms 
on  my  own  communications  on  the  same  subject  The  title  of  the 
first  is,  ''  On  the  Astroccenias  of  the  Sutton  Stone  and  other  Deposits 
of  the  Infra  Lias  of  South  Wales." 

That  of  the  second  is,  "  On  the  Structure  and  Classificatory  Position 
of  some  Madreporaria  from  the  Secondary  Strata  of  England  and 
South  Wales."  Both  these  were  read  at  the  meeting  of  the  Geological 
Society  on  the  4th  November,  1885,  and  appeared  in  full  in  the 
Journal  of  the  1st  of  February,  1886.  The  third  paper  appears  in 
the  February  Number  of  the  Geologioal  Magazine  for  the  present 
year. 

Of  the  first  of  these  I  have  only  at  present  to  say  that  it  is 
deserving  of  consideration,  because  it  is  based  on  the  examination 
of  authentic  specimens,  though  whether  the  conclusions  sought  to  be 
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maintained  are  substantiated  is  yet  open  to  question.  The  purpose 
of  the  paper  is  to  re-assert  what  I  have  objected  to,  namely,  that  the 
distant  and  cylindrical  corallites  of  such  cotnpound  and  compact  corals 
from  tlie  Sutton  Stone  and  neighbouring  conglomerates  as  have 
columellsd  have  become  cylindrical  by  matter  added  to  the  walls  them- 
selves, and  not  by  the  interposition  of  true  ccenenchyma,  as  in  Stylina 
and  other  allied  genera.  To  this  I  shall  refer  on  some  future  occasion. 
Professor  Duncan's  third  paper  is  an  answer  to  one  of  mine  on  some 
Cretaceous  Madreporaria,  and  the  consideration  of  it  may  also  remain 
over  until  another  opportunity.  But  the  second  paper,  as  it  relates 
principally  to  Oolitic  genera  and  species,  may  be  here  discussed. 
1  have  not,  however,  the  remotest  intention  of  entering  into  a  con- 
troversy on  the  many  points  on  which  Professor  Duncan  and  I 
entertain  opposite  opinions.  Controversy,  when  carried  to  the  length 
it  sometimes  is,  embarrasses  the  editor,  is  offensive  to  the  reader,  and 
lowers  the  tone  of  the  periodical  in  which  it  appears — a  consummation 
much  to  be  regretted.  With  every  wish,  however,  to  avoid  such  an 
occurrence,  I  must  claim  the  privilege  of  making  known  the  con- 
clusions to  which  my  investigations  have  brought  me,  and  of  re- 
asserting or  modifying  from  time  to  time,  if  I  have  good  reason  for 
doiDg  so,  any  statement  I  may  have  made.  But  while  doing  this,  it 
will  be  my  most  earnest  wish  to  avoid  the  occurrence  of  anything 
which  may  seem  captious  or  discourteous. 

A  great  many  of  the  objections  raised  by  Professor  Duncan  against 
my  several  papers  on  the  Madreporaria  of  our  Secondary  formations 
refer  to  mere  matters  of  oversight,  and  as  they  do  not  affect  the  con- 
clusions arrived  at,  are  of  little  importance.  They  might  prove 
useful  on  some  future  occasion  in  making  corrections,  were  the 
papers  to  re-appear  in  a  collective  form.  Objections  of  another  kind 
take  the  form  of  direct  and  unsupported  contradiction  of  facts,  and 
there  are  again,  some,  which,  from  their  very  nature,  and  for  the 
author's  own  sake,  should  be  allowed  to  pass  unnoticed.  But  such 
statements  as  affect  the  definition  of  genera  aud  the  determination  of 
species,  and  have  therefore  a  more  legitimate  bearing  on  the  subject 
in  hand,  will  receive  due  attention  in  their  proper  place. 

A  collection  of  specimens  from  the  Inferior  Oolite  of  Dorsetshire 
has  lately  been  placed  in  my  hands  by  Mr.  Buckman,  and  these  with 
others  kindly  supplied  by  Mr.  Hudleston,  with  the  addition  of  a 
collection  made  by  me  during  a  recent  visit  to  the  same  district, 
have  afforded  me  the  long-wished-for  opportunity  of  comparing  the 
Dorsetshire  and  Somersetshire  species  with  those  from  the  counties 
of  Oxford  and  Gloucester.  A  list  of  the  Dorsetshire  species  will  be 
given  further  on. 

Diligent  searoh  has  been  made  for  Corals  in  the  lowest  beds  of  the 
Inferior  Oolite  at  Crickley  Hill,  Leckhampton  Hill,  Cleeve  Hill, 
and  Frocester  Hill,  in  consequence  of  the  species  already  found 
in  them  having  differed  so  materially  from  those  in  the  more 
clearly  defined  condliferous  deposit  overlying  the  Pisolite.  They 
are,  besides,  interesting  as  being  the  earliest  representatives  of 
Madreporaria  in  the  Oolitic  formation,  differing  greatly  in  their  facies 
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from  the  few  small  oorals  which  are  found  in  the  Upper  Lias,  though 
not  nearly  so  much  from  those  species  which  occur  in  the  under* 
lying  Marlstone.  The  following  are  such  as  have  up  to  this  time 
been  taken  from  the  Pisolite,  and  the  beds  below  it 

MoNTLiVALTiA  OONOINNA. — Pisolitc  at  Crickley  and  Leckhampton, 
and  in  the  broken- up  bottom  beds  at  Huddiknoll,  near  the 
Horsepools,  Gloucester. 

MoNTLiYALTiA  oupuLiFORMis. — ^Bods  uudcr  the  Pisolite,  Crickley. 

MoNTLiYALTiA  DB  LA  Bbghbi. — Bed  undor  the  equivalent  of  the 
Pisolite,  Frocester  Hill. 

MoNTLivALTiA  LBNS. — Bcds  uudcr  the  Pisolite  at  Leckhampton 
and  Crickley,  and  in  the  beds  overlying  the  Upper  Lias  sands, 
*  Dover's  Hill,  Chipping  Campden. 

IsASTBAA,  an  undetermined  species. — Bed  under  Pisolite,  Crickley. 

CflOBiSASTRiBA,  sp. — Pisolitc,  Cricklcy,  and  the  bed  overlying  the 
Upper  Lias  sands,  Dover's  Hill,  Chipping  Campden. 

Thaunastbaa,  sp. — Pisolite,  Crickley. 

Thamnastbjsa,  sp. — Bed  overlying  the  Upper  Lias  Sands,  Dover's 
Hill,  Chipping  Campden. 

Orosbbis  Ooutioa. — Bed  under  the  Pisolite,  Crickley. 

CoMOSBBis  vBBHiouLABis. — ^PisoHtc  ?  Crioklcy. 

Several  of  the  above  are  either  undeterminable  or  have  already 
been  passed  under  review,  but  mention  will  hereafter  be  made  of  some 
of  them  in  the  notes  on  the  species. 

Mr.  Witchell,  in  his  valuable  work  on  the  Geology  of  Stroud, 
records  the  occurrence  of  a  Coral-bed  resting  on  the  Upper  Tngonia 
Grit  The  position  being  wholly  at  variance  with  that  assigned  to 
the  Upper  Coral-bed  near  Cheltenham  by  the  late  Dr.  Wright,  I 
have  recently  visited  Stroud,  and,  under  the  guidance  of  Mr.  Witchell, 
have  examined  one  of  the  sections  mentioned  by  him— the  Stroud 
Hill  section.  The  result  has  been  the  full  confirmation  of  his 
opinion,  that  there  are  four  coralliferous  deposits  in  the  Inferior 
Oolite  of  Gloucestershire,  instead  of  three  as  stated  by  the  late  Dr. 
Wright  The  Coral-bed  exposed  in  Worden's  quarry  in  the  Slad 
Valley,  Stroud,  though  supposed  by  Dr.  Wright  to  correspond  with 
the  upper  one  near  Cheltenham,  is  really  of  more  recent  date,  and  is 
indeed  the  same  as  the  one  in  the  Rodborough  Hill  and  Stroud  Hill 
sections.  The  position  of  these  four  coralliferous  layers  in  the  Liferior 
Oolite  of  Gloucestershire  may  be  defined  as  follows  : — 

1.  T/ie  Upper  Coral  Stfrf.— Occurs  in  the  upper  part  of  the  Upper  Trigonia  Grit, 

and  is  exposed  at  Eodborough  Hill,  Stroud  Hill,  and  in  the  Slad  Valley,  near 
Stroud. 

2.  The  Second  Coral  Bed, — Lies  in  the  bottom  of  the  Lower  Trigonia  Grit,  and  is 

exposed  at  Cleeye  Hill,  Leckhampton  Hill,  Rayens^ite  Hill,  Brown's  Hill  near 
Seven  Springs,  Juniper  Hill  near  Painswlck,  and  at  Birdlip,  all  lo<»^tie6  in 
the  Cheltenham  distnot. 

3.  The  Third  Coral  Bed,  -  Lies  in  the  Oolite  Marl  at  Birdlip  Hill,  Leckhamp- 

ton  Hill,  Juniper  Hill,  and  at  Notgrove  on  the  Cheltenham  and  Chipping 
Norton  Railway. 

4.  Ths  Fourth  Coral  Bed, — Lies  directly  upon  the  Pisolite,  and  is  well  exposed 

at  Crickley  Hill,  Birdlip  HiU,  Sheepscombe,  the  Horsepools,  at  Huddiknoll, 
and  at  Juniper  HiU  near  Painswick.  It  is  absent  at  Cleeve  Hill  and  at  the 
Leckhampton  and  Frocester  Hills. 
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The  Corals  of  Beds  2,  3  and  4  have  already  reoeived  attention,  but 
those  of  Bed  No.  1,  have  not  been  made  known.  It  appears,  how- 
ever, to  be  very  poor  in  speoies,  only  three  having  as  yet  been  noted. 
They  are,  Isasiraa  tenmBtriata^  IsaBtraa  sp.  undetermined,  and 
Thamnastrgea  sp.  undetermined. 

The  following  are  the  species  from  the  Inferior  Oolite  of  the 
counties  of  Dorset  and  Somerset  which  I  have  met  with  up  to  the 
present  time,  with  their  several  localities,  and,  as  far  as  determined, 
their  Ammonite  zones. 

Diacocyaihus  Eudesi,  Burton  Bradstock,  probably  in  the  ssone  of 
Ammonites  Farkinsoni;  Corton  Denham,  Somerset,  in  the  zone  of 
Am,  Murchisonu 

Troehocyathus  magneviUianvs.  Half-way  house  near  Yeovil,  in 
the  zone  of -im.  Parhinsoni;  under  cliff,  Burton  Bradstock,  probably 
in  the  same  zone ;  in  the  **  Marl  Bed  "  at  Bradford  Abbas,  in  the 
bottom  of  the  zone  of  Am,  Parhinsoni. 

Troehocyathus  sp.  A  small  conical  species  not  yet  determined, 
obtained  by  Mr.  S.  S.  Buckman  from  the  Bradford  Abbas  quarry, 
but  the  position  not  recorded. 

Thecoeyathus  discus,  E.  de  From.  Burton  Bradstock,  the  zone 
not  noted,  but  associated  with  specimens  of  Discoeyathus  Eudesi^  which 
were  stated  to  have  been  taken  from  the  zone  of  Am.  Parhinsoni, 

Thecoeyathus,  a  species  undetermined,  obtained  from  the  "Marl 
Bed  "  at  Bradford  Abbas  by  Mr.  Buckman. 

Mondivaltia  lens.  Bradford  Abbas  railway-cutting,  in  the  zone  of 
Am.  Murehisoni,  immediately  overlying  the  sands ;  Castle  Cary  Hill 
in  the  zone  of  Am.  Parhinsoni;  Corton  Denham,  Somerset,  in  the 
zone  of  Am.  Murchisoni;  and  in  the  zone  of  Am.  Sowerhyi,  at 
Bradford  Abbas. 

Montlivaltia  de  la  Beehei.  Bradford  Abbas  railway-cutting,  in  the 
zone  of  Am,  Murchisoni;  Drimpton  near  Broadwinsor,  Dorset,  in 
the  zone  of  Am.  Parhinsoni ;  Castle  Cary  Hill,  Somerset,  in  the  zone 
of  Am.  Parhinsoni ;  Bridport,  the  zone  not  noted. 

Montlivaltia  tenuilamelioaa.  A  single  specimen  has  been  sent  to 
me  labelled  Bradford  Abbas,  but  it  has  more  the  appearance  and 
colour  of  Burton  Bradstock  specimens. 

Montlivaltia  cupuliformis.  Bradford  Abbas,  in  the  paving-bed  at 
the  top  of  the  zone  of  Am.  Murchisoni,  where  it  is  not  uncommon. 

Montlivaltia  sp.,  undetermined,  occurs  with  the  last,  and  may 
perhaps  prove  to  be  identical  with  it. 

Isastrcsa,  sp.  Not  determinable.  From  the  paving-bed  at  Bradford 
Abbas. 

Latimcsandra  Flemingi  ?  A  species  very  nearly  allied  to,  or 
identical  with  this,  occurs  in  the  paving-bed  at  Bradford  Abbas,  and 
is  remarkable  from  having  a  thick  and  wrinkled  epitheca. 

?    A  compound  coral  having  calices  in  shape  like  those  of 

an  Isastrcea,  with  confluent  septa,  and  a  columella,  occurs  at  Bradford 
Abbas,  but  the  zone  has  not  been  determined. 

Thecoseris  polymorpha.  Several  small  specimens  referable  to  this 
species  have  been  taken  from  the  paving-bed  at  Bradford  Abbas, 
and  I  have  one  from  the  Inferior  Oolite  at  Stoford,  Somerset 
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LeptophyUia,  sp.  (Podoserts  constricta,  Dunoan).  The  type-epeoimen 
of  Podoseris  eonstrietaf  which  was  for  Bome  time  in  my  hands,  has 
60  mnch  the  appearance  of  the  Burton  Bradstock  specimens  that  I 
have  no  douht  that  it  was  obtained  from  that  place.  It  is  stated  to 
have  come  from  the  Lower  Ragstone  of  Dorset,  which  I  presume  is 
the  zone  of  Am.  Parkinsoni,  the  zone  from  which  the  other  Burton 
Bradstock  Corals  here  mentioned  have  been  obtained. 

Tkamnastrcea  Defranciana.  A  single  example  from  the  Inferior 
Oolite  of  Dorset  is  in  my  collection,  bat  I  do  not  know  either  its  zone 
or  exact  locality. 

Dimorpharcea  Oolittca,  Duncan,  sp.  Occurs  at  East  Coker,  and  is 
common ;  also  at  Stoford  near  Teovil,  in  the  zone  of  Am,  SowerhyL 

Dimorpharoea  Beanit  {OydoUtea  Beanii,  Duncan).  Occurs  in  the 
paving-bed  of  the  Bradford  Abbas  quarry,  in  the  upper  part  of  the 
zone  of  Am,  Murehisoni, 

Dimorpharma  expansa,  n.s.    East  Coker,  the  zone  not  ascertained. 

Microsolena,  a  small  globular  species.  Two  examples  have  been 
met  with,  one  from  the  paving-bed  at  Bradford  Abbas,  and  the  other, 
although  said  to  have  been  collected  at  the  same  place,  has  so  much 
the  appearance  and  colour  of  the  Burton  Bradstock  Corals  as  to 
leave  little  doubt  that  it  came  from  there. 

The  number  of  TurbinolidcB  in  the  above  list,  occurring  so  low 
down  in  the  Inferior  Oolite  of  Dorset  and  Somerset,  is  rather  re- 
markable, and  would  seem  to  indicate  a  continuous  period  from  the 
Upper  Lias  upwards,  the  conditions  of  which  were  favourable  to  the 
growth  of  these  small  Madreporaria,  and  which  did  not  prevail 
during  the  formation  of  corresponding  deposits  in  the  Oloucester- 
shire  and  Oxfordshire  areas,  llie  general  resemblance  between  the 
Turhinolida  of  the  Upper  Lias  and  those  of  the  Inferior  Oolite  of  the 
Western  Counties  of  England  is  very  obvious. 

The  following  section  at  present  exposed  in  the  quarry  at  Bradford 
Abbas  was  taken  by  me  a  few  months  since,  and  although  it  does 
not  materially  differ  from  those  already  given  by  Mr.  S.  S.  Buckman  ^ 
and  Mr.  Hudleston,'  is  repeated  here  for  the  purpose  of  showing  all 
the  more  correctly  the  position  of  the  Corals  in  it. 

ft.  in. 
1.  Surface  soil 0    6 

3.  Shattered  stone  and  nibble 8    6 

8.  Stone  in  nodular  layers,  dirided  by  thin  irregular  layers  of  marly 

shale      4    0 

4.  Soft  stone 0    8 

5.  Marly  shale;   the  <«Marl  bed"  of  S.  S.  Buckman.    Contains 

Troehoeyathut  magn«viUiaHu$ 0    2 

6.  Gasteropoda  bed,  consisting  of  hard  snbcrystalline  stone,  which  is 

thin  and  ra£;ged  and  blue  in  the  middle.  It  is  overlain  by  a 
soft  friable  layer.  It  contains  Gasteropoda  of  great  beauty, 
and  a  considerable  number  of  small  sponges 0    9 

7.  Yellowish  compact  limestone         2    0 

8.  Paving-bed,  containing  the  following    corals  :  —  Montlivaltia 

eupuliformit,  M,  lens  and  another  species  undetermined, 
Zatimaandra  Flemingi,  a  compound  com  allied  to  Isastraaa, 

*  Quart.  Joum.  Geol.  Soc.  vol.  xxvi.  p.  691. 

*  Proceed.  Geol.  Assoc.  1886,  p.  198. 
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ft.  in. 
ThtcoHrit  pofym&rpha,  JDim^rpharmm  BMnii,  and  a  Bpedes 

of  Microtoiena 0    8 

9.  Dewbed,  fonnmg  the  bottom  of  the  quarry,  and  lying  on  the 

Midford  Sands.     Depth  not  ascertained,  moie  than 1    0 

I  now  prooeed  to  notioe  sach  Bpecies  of  oorals  from  the  Inferior 
Oolite  as  appear  to  be  either  nndescribed,  new  to  this  oountry,  or 
as  demanding  farther  remark. 

Thboootathus  discus.  From,  et  Fer.,  Paleont.  Frana  Polyp.  Terr. 
Jurass.  p.  34,  pi.  2,  fig.  2. 
I  have  reoeived  a  specimen  of  this  species  said  to  have  been 
obtained  from  Bradford  Abbas,  but  which,  from  its  colour  and  litho- 
logical  condition,  most  likely  comes  from  the  same  horizon  and  place 
as  a  number  of  specimens  of  Discoofathua  Eude$i,  that  is  to  say, 
from  Burton  Bradstock. 

Epismilia  pobpita,  Tomes, 
Montlivdltia  porpita,  Tomes,  Quart  Joom.  OeoL  Soc  toI.  zzxriii.  p.  419, 1882. 

The  small  Corals  I  described  under  the  name  o£  MantlivalUa  porpiiaf 
as  having  very  peculiar  septa,  have  proved,  when  some  of  their 
septa  were  exposed  by  the  removal  of  others,  to  have  their  sides 
ornamented  by  tubercles  instead  of  vertical  ridges.  These  tubercles 
are  ranged  in  rows,  which  are  parallel  to  the  edge  of  the  septa,  and 
when  the  latter  have  been  worn  down,  the  upper  row  on  either  side 
comes  close  to  the  top,  and  the  septa,  which  are  in  reality  very  thin, 
are  rendered  thick  and  rugged  by  them.  Until  fully  exposed,  they 
were  mistaken  for  the  upper  ends  of  vertical  ridges. 

The  genus  Epismilia  is  one  about  which  there  has  always  been 
some  doubt,  attributable  probably  to  the  difficulty  attending  its  deter- 
mination from  MonilivaUia,  M.  de  Fromentel  proposed  it,  and  it 
was  clearly  recognized  as  distinct  by  M.  Etallon,  under  the  name  of 
EUipsoamilia,  D'Orb.  Thurman,  Fromentel  and  Ferry,  knew  and 
made  use '  of  the  differences  between  it  and  MontHvalUaj  and  so  did 
Stoliczka,  while  Milaschewitsch  not  only  adopted  it,  but  pointed  out 
a  character  by  which  it  could  more  easily  be  recognized.  He  showed 
that  the  septa  have  small  tubercules  on  their  sides  instead  of  ridges, 
and  Prof.  Eoby,  availing  himself  of  that  means  of  determination, 
has  described  ten  species  as  occurring  in  the  Jurassic  deposits  of 
Switzerland. 

To  the  description  I  formerly  gave  of  the  present  species,  under 
the  name  of  MonUivaliia  porpita,  1  need  only  add  the  above,  lliough 
confident  of  the  existence  of  the  genus  J^t«fm7fa  in  our  Oolites,  I 
could  not  determine  the  species  when  I  wrote  my  former  paper. 
One  species  may  now,  however,  with  certainty  be  introduced  into  our 
Coral  fauna. 

DoNAcosHiLiA  Wbiohti,  Edw.  and  Haime  sp. 

This  common  species  occurs  in  the  lower  or  fourth  Coral  bed 

wherever  it  is  exposed  in  the  Cheltenham  district,  as  well  as  in  the 

third  Coral  bed  at  Leckhampton  Hill.     Crickley  Hill  has,  however, 

supplied  all  the  best  specimens,  and  they  show  that  it  is  a  tall 
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species,  the  oorallites  of  which  are  placed  close  to  each  other.  Many 
well-preserved  calices  have  now  heen  examined,  and  the  generic 
characteristics  fully  made  out  Prof.  Duncan  assumes  that  the  simple 
oorallum  of  Axoamilia  Wrighti  has  been  taken  by  me  as  the  foot- 
stalk of  Donacoamiliay  but  I  never  for  a  moment  entertained  such  a 
supposition.  On  the  contrary,  I  distinctly  stated  my  belief  that 
both  AxosmUia  Wrighti  and  MonUtvaltia  ffolli  were  nothing  more 
than  single  oorallites  of  Donacosmilia  broken  off  at  their  point  of 
attachment  to  the  parent  stem,  and  I  have  seen  nothing  to  induce 
me  to  modify  that  conclusion.  The  entire  margins  of  the  septa, 
which  are  so  peculiarly  characteristic  and  common  to  all  the  above- 
mentioned  forms,  are  not  so  much  as  alluded  to  by  Prof.  Duncan 
in  his  late  paper. 

Plaoophtllia  gbaoilts,  sp.  nov.     (Plate  X.  Figs.  5  and  6.) 

Single  oorallites  of  a  Coral  having  a  graoile  growth,  and  almost 
always  in  an  indifferent  state  of  preservation,  have  frequently  been 
found  in  the  Lower  Coral-bed  of  the  Cotteswolds.  These  could  not 
be  attributed  to  any  known  species,  and  were  too  fragmentary  for 
description.  Benewed  search  at  those  places  where  that  Coral-bed  is 
exposed  has  brought  to  light  some  better-preserved  specimens,  which 
may  be  described  as  follows  : — 

The  oorallum  consists  of  a  bush-shaped  mass  of  rather  closely 
placed  and  nearly  parallel  oorallites,  which  have  nearly  the  same 
diameter  from  the  bottom  to  the  top.  Lateral  gemmation  takes  places 
at  considerable  intervals,  and  the  young  oorallites  thus  produced 
spring  from  the  parent-stem  horizontally,  but  speedily  assume  a 
perpendicular  position  by  the  side  of  the  older  corallite,  and  both 
grow  upwards  together.  All  the  oorallites,  old  and  young,  have  a 
well-developed  epitheca,  which  presents  numerous  and  regular  rings 
of  growth.  The  walls  are  produced  upwards,  and  with  their  epitheosd 
covering,  form  thin  and  prominent  margins  to  the  calices. 

The  calices  are  ovoid  and  deep,  and  ti^e  fossula  is  elongated.  The 
margins  of  the  septa  have  very  little  curvature,  but  slope  inward 
and  downward  in  nearly  a  straight  line.  At  the  wall  the  septa  are 
thick,  but  they  diminish  in  thickness,  and  become  quite  thin  as  they 
approach  the  columella ;  though  there  is  sometimes  a  little  thinning 
just  at  their  union  with  it  They  are  twenty-four  in  number,  that 
is  to  say,  three  cycles  in  six  systems.  The  first  and  second  cycles 
are  united  to  the  columella,  and  two  of  the  primary  ones  run  into 
its  two  ends,  and  with  it  divide  the  calioe  longitudinally  in  half. 
The  septa  of  the  third  cycle  are  three- fourths  the  length  of  the 
primary  and  secondary  ones.  There  are  a  few  rudimentary  septa 
of  the  fourth  oyde  in  some  of  the  systems.  The  columella  is  thin, 
well  defined,  but  not  prominent,  and  is  about  one-third  the  entire 
length  of  the  calice. 

Diameter  of  the  oorallites  from  two  to  three  lines.  Their  height 
cannot  be  ascertained. 

This  species  bears  considerable  resemblance  to  the  PlacophylUa 
rugosa  of  Becker,  from  the  Corallien  of  Nattheim. 


Digitized  byVjOOQlC 


892  It.  F.  Tonm— Inferior  Oolite  Madreporaria. 

Stephahoccewia  dendboidsa,  sp.  nov.     (Plate  X.  Fig.  10.) 

I  have  long  been  familiar  with  fragments  of  a  tall  dendroid  Coral 
from  the  Oolite  Marl  of  Leckhampton  Hill,  which  had  characters  I 
oould  not  associate  with  any  other  Oolitic  species,  but  which  were 
too  ill-preserved  for  identification.  Some  well-preserved  pieces  of 
a  large  specimen  from  Birdlip  Hill,  also  from  the  Oolite  Marl,  having 
lately  come  into  my  hands,  I  am  now  able  to  describe  this  species  as 
follows : — 

The  corallum  is  tall  and  branching,  and  attains  to  a  height  of  a 
foot,  or  a  foot  and  a  half,  and  has  very  much  the  habit  of  growth  of 
Thamnastraa  Lyellu  The  basal  part  has  sometimes  a  diameter  of  as 
much  as  two  inches,  the  horizontal  section  of  which,  as  well  as  that 
of  the  branches,  is  nearly  round,  but  they  are  nevertheless  consider- 
ably nodulated. 

The  calioes  are  evenly  distributed,  but  are  a  little  more  distant 
from  each  other  in  the  longitudinal  direction  of  the  branches.  They 
are  for  the  most  part  lozenge-shaped,  ovoid,  or  even  quadrangular ; 
but  the  largest  have  a  rounded  outline,  and  there  is  a  delicate  but 
distinct  line  of  depression  between  them.  They  are  superficial,  but 
have  a  circular  and  open  centre. 

The  septa  are  short  and  stout,  and  they  are  continuous  with  those 
of  adjoining  calices,  with  which  they  unite,  but  yet  are  divided  by 
the  fine  but  distinct  line  before  mentioned.  When  the  septa  are 
worn  down,  this  line  of  depression  is  obliterated,  and  many  of  the 
united  septa  are  veiy  regularly  geniculated.  In  a  full-sized  oalice 
there  are  about  thirty  septa  which  are,  generally  speaking,  of  nearly 
the  same  thickness  and  length.  Those,  however,  which  have  pali 
before  them  are  a  little  stouter  than  the  others.  The  pali  are  of 
nearly  equal  thickness  and  length  with  the  septa,  and  in  a  calice 
having  thirty  septa  there  are  fourteen  pali,  that  is  to  say,  nearly  each 
alternate  septum  has  one  before  it. 

The  columella  is  small  and  deeply  seated.  It  is  styliform,  though 
a  little  compressed,  and  it  is  united  in  some  of  the  calioes  to  one  of 
the  pali.  Both  septa  and  pali  are  regularly  denticulated,  and  the 
greater  diameter  of  the  denticulations  is  across  the  septum.  This 
is  most  distinctly  observable  towards  the  ends  of  the  branches, 
where  the  calices  are  circular  and  much  more  prominent.* 

When  the  septa  are  worn  smooth  and  the  lines  of  junction  with 
those  of  contiguous  calices  are  obliterated,  this  Coral  has  much  the 
aspect  of  a  Thamnastraa.  Gemmation  appears  to  take  place  in  the 
interval  between  the  calices,  where  smaller  calices  are  observable. 
There  is  so  much  similarity  between  the  septa  of  this  species  that  I 
am  wholly  unable  to  trace  the  cycles.  The  cycles  of  the  pali  for  the 
same  reason  are  equally  difficult  of  determination.  The  appearance 
presented  is  that  of  a  calice  with  fourteen  principal  septa,  and  their 
pali.    The  diameter  of  the  calices  is  about  one  line. 

Although  the  genus  Stephanoccenia  is  place<l  in  the  Eusmelina,  and 
for  want  of  better  information  respecting  the  Oolitic  species  I  have 
placed  the  present  species  in  that  family,  I  am  by  no  means  assured 
that  it  should  not  be  included  in  the  A$tr<eina.     That  both  septa 
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and  pali  are  distinotly  dentionlated  is  obvious,  and  that,  with  the 
union  of  the  columella  with  one  of  the  pali,  should  that  prove 
constant,  indicates  a  distinct  genus. 

Of  the  walls  or  endotheca  I  possess  no  information,  the  whole  of 
the  inside  being  crystalline. 

Stephanoocenia  expansa,  sp.  nov.     (Plate  X.  Fig.  11.) 

The  corallum  consists  of  a  thin  and  somewhat  rounded  plate,  the 
edges  of  which  are  very  thin,  turned  up,  and  a  little  undulating,  and 
there  is  on  a  part  of  it  a  second  or  superimposed  plate  which  partly 
covers  the  original  one.  The  under  surface  has  the  middle  part 
most  prominent,  by  which  it  appears  to  have  been  broadly  attached, 
lliere  is  an  epitheoa  with  faint  concentric  wrinkles.  The  whole  of 
the  upper  surface  is  furnished  with  calicos  which  are  much  smaller 
and  shallower  than  those  of  8tephanoc<Bnia  dendroidea.  As  in  that 
species,  they  are  lozenge-shaped,  ovoid,  or  round,  and  the  depression 
bounding  tbem  is  small  but  distinct,  but  the  septa  are  continuous 
with  those  of  adjoining  calices.  There  are  from  thirty  to  thirty-seven 
septa,  of  which  twelve  are  a  little  more  developed  than  the  others, 
and  have  pali  before  them.  Twelve  others  have  the  same  length, 
but  are  a  little  less  stout,  and  the  remainder  are  about  two-thirds  of 
that  length,  and  are  much  thinner.  Both  they  and  the  pali  are  a 
little  exsert,  and  have  their  margins  denticulated.  The  fossula  is 
small,  but  well-defined,  and  contains  a  slightly  depressed  but  styli- 
form  columella,  which  is  larger  relatively  than  in  the  preceding 
species. 

The  endotheca  has  not  been  observed. 

Gemmation  takes  place  in  the  interval  between  the  calices. 

Only  one  specimen  has  yet  been  met  with.  It  was  taken  from  a 
coralliferous  stratum  at  Cooper's  Hill,  near  Gloucester,  which  holds 
precisely  the  same  stratigraphical  position  as  the  one  at  Crickley 

Diameter  of  the  corallum,  three  inches ;  its  height  about  three- 
quarters  of  an  inch ;  diameter  of  the  calices,  a  little  less  than  a  line. 

MoNTLivALTiA  Painswioki,  Dunoan. 

Many  specimens  of  this  species  have  now  been  taken  from  the 
Lower  Coral  bed  at  Crickley,  Birdlip,  the  Horsepools,  and  in  the 
Painswick  valley,  most  of  which  are  small  in  size,  the  largest  not 
exceeding  that  of  the  type-specimen  figured  by  Professor  Duncan. 
As  a  species  it  may  be  distinguished  by  the  tendency  to  have  one  or 
more  of  its  sides  flattened,  llie  form  of  the  oalice  varies  a  good  deal. 
When  one  side  only  is  flattened,  it  has  a  rudely^formed  semicircular 
outline.  It  may  be  more  or  less  triangular  or  quadrangular,  or 
indeed  polygonal,  according  to  the  number  of  flattened  sides  of  the 
corallum.  There  is  an  indication  only  of  flattening  of  one  side  in 
the  specimen  figured  by  Professor  Duncan,  which  was  for  some  time 
in  my  hands.  The  calice  of  that  specimen  is  deeper  than  is  usual, 
owing  to  the  septa  having  been  somewhat  worn  down. 

In  the  Oolite  marl  this  species  attains  to  a  greater  size  than  it  does 
in  the  Lower  Coral-bed.    Two  examples  from  that  horizon  at  Birdlip 
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Hill  are  attached,  the  one  to  a  corallite  of  I><maco$m%Uat  and  the 
other  to  a  shell.  They  are  three  tiipea  the  size  of  the  figored 
specimen. 

Several  specimens  of  this  species  obtained  from  the  Inferior  Oolite 
in  the  railway-catting  at  Hook  Norton,  Oxfordshire,  have  been  sent 
to  me  with  other  Oolite  corals  by  Mr.  Hudleston.  In  all  of  these 
the  flattened  side,  though  visible,  is  only  a  little  indicated. 

Milaschewitsch  pointed  out  that  OppeltBtnilia  gemmanSt  Duncan,  was 
nothing  more  than  a  Montlivaltia  which  had  been  subjected  to  that 
sort  of  interrupted  growth  to  which  he  gave  the  name  of  rejuven- 
escence. This  growth,  Professor  Duncan  maintains,  is  only  what  was 
long  ago  called  by  MM.  Milne  Edwards  and  Haime,  "  bourrelets 
d'aooroissement,"  or  growth-rings.  It  is,  however,  at  the  present 
moment,  quite  unimportcmt  under  what  name  we  speak  of  it,  but  it 
is  very  important  that  we  should  distinguish  very  clearly  between 
it  and  calicular  budding,  which  is  wholly  different  But  after  the 
recent  remarks  by  Professor  Duncan  on  the  subject,  I  can  only  con* 
dude  that  he  still  confounds  the  two  processes.  He  now  plaoes  in  the 
subgenus  Oppeliamilia  the  so-called  Montlivaltia  Holli,  the  ^'Mont- 
livaltia turbata,  Milasch.,  and  any  forms  which  Mr.  Tomes  may  have 
noticed  with  calicular  budding."  If  the  so-called  Oppeli$milia 
gemmans  has  calicular  budding,  then  have  we  a  very  extensive  list 
of  species  of  Oppelismilia,  and  the  much  crowded  and  difficult  genus 
Montlivaltia  will  be  materially  and  unexpectedly  relieved.  A  very 
large  per-centage  of  Lower  Lias  Montlivaltiaa  will  have  to  be  with- 
drawn from  that  genus,  and  amongst  others  Montlivaltia  rugosa, 
M.  mucronata  and  JIT.  Maimei,  while  from  the  Oolitic  Montli^^tisd 
a  goodly  number  must  also  be  eliminated. 

In  like  manner  a  considerable  number  of  genera  or  subgenera 
will  have  to  be  created  for  such  compound  corals  as  have  the  same 
sort  of  growth  as  in  the  so-called  Oppelismilia,  For  instance,  I  have 
now  before  me  a  specimen  of  CladophyUia  Babeana,  some  of  the 
oorallites  of  which  exhibit  gemmation,  supposing  it  to  be  gemmation 
which  takes  place  in  the  supposed  Montlivaltia  Holli,  and  if  one 
species  of  the  genus  CladophyUia  is  really  subject  to  calicular  budding, 
it  must,  by  a  similarity  of  argument  to  that  applied  by  Prof.  Duncan 
to  Montlivaltia,  be  separated  from  the  other  species  of  CladophyUia. 
But  it  is  an  error  to  suppose  that  calicular  budding  takes  place 
in  either  case,  and  even  had  it  been  so,  it  would  still  have  been  in- 
consistent in  the  extreme  to  retain  Montlivaltia  Molli  (which  is 
distinctly  affirmed  to  have  calicular  budding)  in  the  genus  Mont- 
livaltia, while  for  another  Montlivaltia  a  new  genus  ( Oppetiamilia)  was 
formed,  for  no  other  reason  than  that  it  had  calicular  budding. 

Montlivaltia  oonoinna.  Tomes. 

Subsequently  to  the  description  of  this  species  several  specimens 
were  obtained,  and  with  the  exception  of  a  single  example  they  were 
taken  from  the  Pisolite.  They  confirm  the  specific  characters  already 
given.  This  species  may  now  be  regarded  as  being  invariably 
attached  by  a  somewhat  expanded  foot,  and  as  having  an  undulating 
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oalioular  margin,  whioh  is  sometimes  partially  everted  as  inlftuiqjyui  - 
men  originally  described.  The  thickness  of  the  septa  near  to  and  at  the 
wall  is  observable  in  all  the  specimens  I  have  seen,  and  is  a  dis- 
tinctive character.^  It  occurs  in  the  Pisolite  at  Crickley  Hill,  Leck- 
faampton  Hill,  and  at  HaddiknoU  near  the  Horsepools,  and  a  single 
example  has  been  taken  from  a  sandy  bed  immediately  above  Uie 
Upper  Lias  sands  at  Dover's  Hill  near  Chipping  Campden. 

MoMTLivALTiA  BIB  LA  Bbohei,  MM.  Miluc  Edw.  and  Haime. 

I  have  collected  specimens  of  this  species  from  the  well-known 
section  of  the  Inferior  Oolite  at  Frocester  Hill,  where  it  is  confined 
to  the  upper  layer  of  the  compact  stone  marked  0  in  Dr.  Wright's 
section,*  which  immediately  underlies  the  equivalent  of  the  Pisolite. 
The  stratigraphical  position  corresponds  therefore  with  that  of  the 
allied  species  Monilivaliia  letM  at  Gricklev  and  Leckhampton  Hill& 
It  is  by  no  means  rare  at  Frocester,  but  is  with  difficulty  extracted 
from  the  stone.  I  have  also  taken  this  species  from  an  exposure  of 
a  few  feet  of  Inferior  Oolite  in  the  road  leading  from  Bath  to  Combe 
Down,  at  a  place  called  Holloway,  and  by  the  kindness  of  Mr. 
Oeorge  I  have  had  the  use  of  a  number  of  small  examples  which 
had  been  collected  at  Dundry.  By  the  list  of  Dorsetshire  species  it 
will  be  seen  that  it  occurs  in  several  places  in  that  county. 

MONTLIVALTIA    OUPULIFOBMIS. 

A  single  example  of  this  species  was  all  I  had  seen  in  1882,  and 
no  other  one  has  been  met  with  from  the  same  locality.  I  have, 
however,  been  favoured  by  Mr.  8.  S.  Buckman  with  several  ex- 
amples from  the  Inferior  Oolite  of  Bradford  Abbas.  In  the  original 
specimen  obtained  by  me  from  Crickley,  the  adherent  base  is  as 
broad  as  is  represented  in  the  figure  given  by  the  original  describers, 
but  in  those  from  Bradford  Abbas  the  constriction  near  the  foot  is, 
generally  speaking,  much  greater,  and  the  upper  part  of  the  corallum 
much  more  globose.  None  of  the  specimens  from  Mr.  Buckman  are 
attached,  the  narrow  foot  having  been  fractured. 

MONTLIVALTIA  Sp. 

There  is  a  very  distinct  layer  about  the  middle  of  the  Pisolite  at 
Cleeve  Hill,  Cheltenham,  containing  large  flat  concretions.  Some  of 
these  are  much  overgrown  with  Bryozoa  and  small  sponges,  and 
occasionally  a  very  young  and  attached  Montlivaltia  may  be  observed. 
The  species  is  not  determinable,  none  of  the  examples  yet  examined 
having  attained  to  any  visible  height,  while  the  greater  number  of 
them  have  not  even  reached  that  period  of  growth  when  the  in- 
closing wall  first  shows  itself. 

^  I  think  it  right  to  snggest  the  poflribility  of  this  and  some  other  MontliTaltifla 
harinff  wary  and  everted  margins,  bein^  merelj  the  pedoncles  of  a  compound  genus. 
The  abnormal  septa  of  the  present  species,  as  well  as  the  excessively  numerous  ones 
of  the  species  from  the  Middle  Lias  of  Charmouth  which  I  have  described  under  the 
name  of  Montlivaltia  foliacea,  may  prove  to  be  costal  prolongations  of  the  septa  in 
progress  of  development  preparatoi^  to  gemmation. 

'  Quart.  Joum.  Geol.  Soo.  vol.  xvii  p.  9,  I860. 
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Ctathophtllia  ooLinoA,  Tomes. 

Bepeated  and  diligent  searoh  for  this  species  has  been  rewarded 
by  the  acquisition  of  two  additional  specimens,  one  from  the  Crickley 
Coral-bed,  and  the  other  from  the  same  horizon  at  HuddiknoU,  near 
the  Horsepools,  Glonoester,  where  the  bed  is  much  broken  up  and 
in  a  mixed  condition.  In  neither  of  these  is  the  oolamella  so  large 
or  so  clearly  made  oat  as  in  the  type-specimen. 

Prof.  Duncan  takes  great  exception  to  my  retaining  the  genns 
Cyathophyllia,  and  after  quoting  Benss  and  Pourtales,  and  giving 
cogent  reasons  for  mei^ging  it  into  AntiUiay  as  a  subgenus  of  CircO' 
phyllia,  observes  that  the  facies  of  the  Oolitic  species  of  Oyathophyllia 
is  not  that  of  AntUlia^  and  further  <<  that  any  one  who  had  studied 
the  simple  Fungida  would  place  the  form  in  the  neighbourhood  of 
ThecoserxB,  E.  de  From.,  the  uniting  and  numerous  septa  being  strong 
characters  amongst  the  group.  One  must  demur,  therefore,  to  the 
admission  of  this  comparatively  unexamined  form  into  the  genus 
AntiUia  (which  has  precedence  of  CyathophyUia),**  Certainly.  And 
I  do  most  decidedly  demur  to  its  being  placed  in  Antillia,  even  with 
the  approbation  of  Reuss  and  Pourtedes,  and  fully  intend  to  retain 
it  in  Cyathophyllia.  Examples  of  CynthophylUa  liassica  (the  type 
species)  and  Cyathophyllia  Oolitica  are  now  before  me,  and  in  both  I 
observe  the  same  crowded  and  anastomozing  septa.  Their  generic 
identity  does  not  admit  of  any  doubt,  nor  does  any  doubt  exist  in 
my  mind  as  to  the  propriety  of  retaining  Cyathophyllia  as  a  genus. 

Thamnosmilia,  gen.  nov. 

In  the  Oolite  Marl  of  Leckhampton  Hill,  and  at  no  other  place,  so 
far  as  I  at  present  know,  is  a  branching  coral  which  possesses  some 
of  the  characters  of  Bhabdophyllia,  with  the  addition  of  a  well- 
developed  and  rugose  epitheca.  Although  by  no  means  rare  there, 
all  the  specimens  I  have  seen  have  been  completely  inclosed  in 
matrix,  and  could  only  be  obtained  by  the  use  of  the  chisel  and 
graver  on  some  of  the  softer  blocks.    I  define  the  genus  as  follows : — 

The  corallum  is  bush-shaped,  the  corallites  lessening  in  size  very 
gradually.  Branching  occurs  unfrequently,  and  the  branches  are 
Uirown  out  at  a  considerable  angle.  The  wall  is  thick,  and  the 
epitheca  well  developed  and  very  rugose.  The  calices  are  deep, 
circular,  and  their  margins  are  thin.  The  septa  are  numerous, 
anastomozing,  and  passing  into  the  columella,  which  is  large,  rugged, 
and  spongy. 

Thahnoshilia  annxtlata,  sp.  nov.  (Plate  X.  Figs.  7,  8,  9.) 
The  corallum  is  not  of  great  size,  the  greatest  diameter  of  a 
corallite  being  only  half  an  inch,  and  it  consists  of  a  peduncular 
portion  attached  to  a  shell.  Generally  the  corallites  have  a  diameter 
of  two  or  three  lines.  Tbey  are  seldom  straight,  but  very  frequently 
considerably  curved.  The  epitheca  is  very  thick  and  wrinkled,  and  dis- 
posed in  rings  around  the  corallites ;  they  are  nearly  equidistant  from 
each  other  and  of  nearly  equal  size,  and  they  are  continued  the  whole 
height  of  the  corallites.  The  calices  are  very  deep,  almost  circular, 
and  a  little  expanded  just  at  the  margin,  which  is  thin.    The  septa 
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of  the  small  oorallites  are  not  numerons,  being  about  21  or  24  in 
number,  that  is  to  say,  there  are  three  cycles.  Of  these  the  septa  of 
numbers  one  and  two  pass  up  to  the  columella,  and  those  of  cycle 
number  three  often  bend  towards  and  become  attached  to  the  earlier 
ones.  In  the  larger  corallites  there  are  a  great  many  more  septa, 
and  the  cycles  cannot  be  traced  owing  to  their  anastomozing  so  much. 
In  the  calicular  surface  of  the  peduncle  I  have  mentioned  there  are 
at  least  fifty  septa,  and  the  older  ones  unite  with  each  other,  mostly 
in  pairs,  quite  dose  to  the  columella,  into  which  when  united  they 
often  pass,  while  the  newer  ones  run  into  the  older  ones  at  points 
more  or  less  remote  from  the  columella,  according  to  their  age.  I 
have  not  as  yet  met  with  a  perfect  calice,  that  is  to  say,  one  in  which 
the  septa  have  their  margins  uninjured,  and  I  cannot  therefore 
describe  them  with  any  degree  of  completeness,  but  so  far  as  I  can 
observe,  there  is  no  ornamentation  of  any  kind  on  their  sides. 

The  columella  is  rather  large,  rugged,  and  spongy;  its  upper 
surface  having  about  ten  or  twelve  papillae.  It  is  deeply  seated  ia 
the  calice,  and  has  no  convexity. 

The  height  of  the  corallum  has  not  been  ascertained. 

(}enus ? 


I  have  met  with  some  portions  of  a  dendroid  Cbral  at  Crickley  and 
at  Cooper's  Hill,  near  Cheltenham,  whidi  I  have  failed  to  place 
satisfactorily.  Its  ramifications  closely  resemble  those  of  Donacownilia 
Wrighti,  and  increase  takes  place  by  lateral  gemmation  near  the 
calice,  just  as  in  that  genus,  and  there  is  usually  a  constriction  at 
the  attachment  of  the  new  corallite  to  the  old  one.  As  in  Jhnaeo' 
gmilia  there  is  a  well-developed  epitheca.  But  it  differs  essentially 
from  that  genus  in  having  numerous  and  veiy  thin  septa  which 
have  their  sides  ornamented  by  rather  numerous  and  well-defined 
vertical  ridges,  ending  in  prominent  points  on  their  upper  margins. 
The  earlier  formed  cycles  meet  in  the  centre  of  the  visceral  cavity, 
and  there  form  a  rugged  columella,  which  has  its  upper  surface 
toothed  like  the  margins  of  the  septa.  Where  the  epitheca  has  been 
-worn  off,  numerous  dissepiments  are  exposed. 

I  am  at  present  unable  to  refer  this  species  to  any  known  genus, 
and  the  specimens  are  too  fragmentary  to  admit  of  the  formation  of 
a  new  one. 

EXPLANATION  OF  PLATE  X. 

Fio.  1.  Flataatraa  tndotheeata,  sp.  hot.,  the  under  snrfaoe  of  the  corallum  of  a 

small  specimen  (natural  size). 

„   2.  „  „  a  portion  of  a  laigW  specimen  (natural  size)  showing 

the  form  of  the  cahces  and  the  continuity  of  the 
septa. 

„    3.  „  „  the  upper  margin  of  a  septum,  magnified  four  times 

to  show  the  denticulations. 

„    4.  ,,  „  aportionof  the  lateral  surface  of  a  septum,  magnified 

five  times  to  show  the  regular  ana  arched  dissepi- 
ments. 

„    5.  FlacophylHa  graeilUf  sp.  nov.,  the  corallum,  natural  size. 

„    6.  „  „         a  calice  magnified  four  times. 
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Fig.  7.  Thamnotmilia  mmulaia,  8p.  noT.,  a  portion  of  a  ooraUum,  natural  sue, 

diowing  the  rugose  epitheca. 
t)    8.  „  ,,  calice  of  the  same  specimen  (natural  size). 

It    9.  „  „  some  septa  magnified  2^  times,  showing  their  con- 

nection with  the  colnmella.    In  this  and  in  the 
foregoing  figure,  the  septa  are  daz^  in  coloor  as 
in  the  original ;  the  infilling  of  the  locoli  being 
white. 
f,  10.  Stephanoemnia  dendroidea,  sp.  nov.,  three  oalioes,  magnified  six  times. 
M  11-  t»        expaiua,  sp.  nor.,  a  calioe,  magnified  nearly  14  times. 

In  neither  of  the  figures  of  SUpkanoccmia  are  the  denticnlations  of  the  aepta 
shown. 

(To  he  continued  in  our  next  Ifumier,) 


II. — ^NoTB  OH  THE  Bbobmt  Voloanio  Ebuptiok  nf  New  Zealand. 

Communicated  by  Egbert  Ethbudge,  Jan.,  Esq., 
of  the  British  Musennu 

THE  "Lake  DiBtriot*'  of  the  North  Island  is  too  well  known  to 
all  students  of  Toloanic  phenomena,  especially  of  that  branch 
comprising  hydrothermal  action,  to  need  a  detailed  description.  It 
will  be  sufficient  to  say  that  it  forms  a  belt,  crossing  the  island  from 
north-east  to  south-west,  and  forms  a  portion  of  the  Middle  and 
Upper  Waikato  Basins  of  Hochstetter.  The  district  has  been  re- 
cently brought  into  prominent  notice  by  the  disastrous  eruption  of 
Mount  Tarawera,  very  full  accounts  of  which  have  appeared  in  New 
Zealand  papers  lately  received.  The  eruption  commenced  in  the 
early  morning  of  Thursday,  June  10th,  but  premonitory  symptoms 
showed  themselves  a  few  days  before  in  a  tidal  wave,  three  feet  high, 
on  Lake  Tarawera,  great  uneasiness  of  the  springs  at  Ohinemutu, 
and  the  reported  appeaitince  of  smoke  issuing  from  Buapehu,  the 
highest  of  the  great  trachytic  cones  at  the  extreme  south-westerly 
end  of  the  system.  The  belt  of  activity  extends  from  Mount 
Tongariro  at  the  one  end  to  White  Island,  in  the  Bay  of  Plenty,  at 
the  other,  a  distance  of  about  150  miles.  White  Island  has  under* 
gone  considerable  change  from  volcanic  action  during  recent  years, 
and  Tongariro  was  last  in  eruption  in  July,  1871 ;  whilst  its  snow- 
dad  sister  cone  Buapehu  has  never  manifested  volcanic  action 
within  the  historic  period  until  now.  This  wide  zone  in  the  centre 
of  the  North  Island  has,  ever  since  the  arrival  of  the  Maoris,  been 
the  scene  of  such  extraordinary  phenomena,  that  it  has  of  late  been 
the  resort  of  visitors  from  all  quarters  of  the  globe. 

At  2-10  A.M.  on  June  10th  the  inhabitants  of  the  rising  town  of 
Botorua  were  aroused  by  a  violent  earthquake,  accompanied  by  a 
fearful  roar,  whilst  away  to  the  south  Mount  Tarawera  appeared  to 
be  in  eruption,  an  immense  black  mushroom-shaped  cloud  hanging 
over  the  whole  country  from  Taheke  to  Pairoa  Mountain,  accom- 
panied by  lightning  and  heavy  peals  of  thunder.  About  4  a.m. 
ash-dust  began  to  &11,  but  a  shift  of  wind  turned  it  coastwards, 
**  where  it  worked  its  (^amitous  will  to  the  full."  As  the  day  wore 
on  it  was  found  that  Botorua  had  not  su£fered  much  beyond  this 
covering  of  dust  and  the  appearance  of  fresh  boiling  springs,  neither 
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had  tbe  oelebrated  hot  bath  of  Ohinemntn  suffered.  On  the  opposite 
side  of  Lake  Botorna,  however,  the  mud-hole  of  Tikitere,  noted  for 
its  violent  spouting  and  smell,  had  broken  out 

It  appears  from  later  aoconnts  that  this  volcanic  outbreak  com- 
menced at  Ruawhia,  one  of  the  three  peaks  into  which  the  cone-like 
Tarawera  is  split  This  volcano  stands  on  the  southern  shore  of  the 
lake  of  the  same  name,  and  is  about  2000  feet  high ;  but  no  tradition 
of  its  ever  having  been  active  before  exists  amongst  the  Maoris. 
Indeed,  it  had  been  used  by  them  for  centuries  as  a  place  of  sepulchre, 
somewhat  after  the  manner  of  the  Parsees  and  their  ''  Towers  of 
Silence.^  At  the  early  stage  of  the  eruption  it  was  found  that  three 
large  craters  had  developed  themselves  on  Mount  Tarawera,  whilst 
a  fourth  was  afterwards  ascertained  to  have  opened  on  the  flank 
towards  Lake  Rotomahana.  From  these  were  belched  forth  flames 
and  large  quantities  of  stones,  ash-dust,  and  clouds  of  smoke,  which 
passed  over  the  country  both  in  a  northerly,  north-easterly,  and 
southerly  direction. 

It  was,  however,  at  the  Township  of  Wairoa  on  Lake  Tarawera, 
midway  between  Botorda  and  Mount  Tarawera,  that  the  greatest 
devastation  took  place  and  injury  to  life  and  property.  Violent 
earth  tremors  were  experienced  between  1  and  2  a.m.,  accompanied 
by  showers  of  ash-dust,  and  followed  by  that  of  stones  and  volcanic 
mud,  which  ultimately  buried  the  whole  place  to  the  depth  of  ten 
feet.  The  houses  were  demolished,  both  those  of  Europeans  and 
Maoris,  and  many  persons  killed,  including  Mr.  C.  A.  Hazzard,  the 
resident  schoolmaster,  and  members  of  his  family.  Had  it  not  been 
for  the  great  intrepidity  of  Mr.  McRae,  proprietor  of  the  Rotomahana 
Hotel,  which  was  also  destroyed,  a  further  loss  of  life  would  have 
doubtless  taken  place.  The  pretty  Tikitapu  bush  between  Wairoa 
and  Rotorua  was  completely  destroyed,  and  the  ground  covered  to  a 
depth  of  three  feet  with  dust;  trees  of  170  feet  in  height  uprooted, 
and  forming  in  places  tangled  masses  ten  feet  thick.  All  under- 
growth was  swept  away  by  the  accompanying  storm,  and  vegetation 
destroyed.  The  waters  of  the  Tikitapu  and  Rotokakahi  Lakes, 
oelebrated  for  their  blue  and  green  colours,  were  changed  to  a  dirty 
brown  tint,  and  the  outlet  of  the  latter  to  the  larger  lake  Tarawera 
was  blocked,  and  its  course  altered. 

The  explosions  which  took  place  during  the  eruption  of  Mount 
Tarawera  were  plainly  heard  in  Auckland,  180  miles  to  the  north, 
and  also  at  Te  Aroha.  Earthquakes  were  experienced  at  Tauranga, 
Maketu,  and  Opotiki,  on  the  shores  of  the  Bay  of  Plenty,  and  dust 
showers  took  place  at  each.  At  Cambridge  and  Hamilton,  north- 
west of  the  more  acutely  disturbed  district,  and  between  it  and 
Auckland,  reports  of  heavy  explosions  were  heard,  and  the  windows 
shaken ;  and  much  the  same  phenomena  were  observed  at  Coro- 
mandel.  Even  at  such  distant  places  as  Dunedin  and  Christchurch, 
in  the  South  Island,  electrical  disturbances  were  manifested,  believed 
to  be  traceable  to  this  volcanic  outbreak. 

On  June  13th  matters  had  calmed  sufficiently  to  allow  exploration 
and  relief  parties  to  proceed  beyond  Wairoa,  and  ascertain  the  con- 
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dition  of  the  world-repated  Lake  Botomahana,  and  the  fate  of  ther 
Maori  settlements  on  the  southern  arm  of  Lake  Tarawera.  The  ex- 
peditions in  question  were  conduoted  by  Mr.  James  Stewart,  Major 
Mair,  Mr.  G.  M.  Beed,  Mr.  MoBae,  the  Warbrick  Brothers,  and  Mr. 
H.  Steele,  with  Dr.  Heotor,  the  Oovemment  Geologist,  at  great 
personal  risk  and  after  muoh  acute  sufifering.  The  sum  of  their 
reports  was,  that  Lake  Okaro  and  Mount  Kakarema,  to  the  south  of 
Botomahana,  were  in  their  normal  condition,  but  along  the  creek 
connecting  the  former  with  Lake  Botomahana  four  craters  had 
broken  out,  as  well  as  a  large  one,  400  yards  long,  on  the  flank 
of  Mount  Tarawera,  overlooking  Botomahana,  where  all  had  before 
been  fern  and  tussock  grass,  throwing  up  showers  of  stones,  dust,  and 
volcanic  mud.  Botomahana  itself  appeared  to  be  one  immense 
cauldron,  composed  of  a  series  of  smaller  craters  in  full  action,  of 
which  eleven  to  fifteen  were  counted,  belching  out  clouds  of  steam, 
stones  and  mud.  The  site  of  the  Pink  Terrace  was  occupied  by  one 
of  the  largest  of  these,  but  that  of  the  White  Terrace  was  "clean 
blown  out  of  existence,"  and  occupied  by  immense  fumaroles.  The 
dividing  line  between  the  mud  eruption  and  the  showers  of  dry  dust 
over  the  surrounding  country  was  remarkably  well  shown.  From 
Botomahana  towards  the  south-west,  the  latter  extended  around 
Lake  Okaro,  and  back  to  Lake  Berewhakaitu,  covering  an  area 
of  not  less  than  seven  square  miles.  Away  to  the  northward,  the 
whole  of  the  north  shore  of  Lake  Botorua  *<  wore  the  grey  drab  tint 
of  the  volcanic  cle&rts."  It  now  appears  tolerably  well  proved  that 
it  was  the  mud  from  the  volcanoes  developed  on  the  site  of  Lake 
Botomahana  that  destroyed  the  ill-fated  Wairoa  township ;  as  well 
as  the  Maori  settlements  of  Te  Ariki  and  Moura  on  Lake  Tarawera, 
with  all  their  inhabitants,  lliis  volcanic  mud  has  covered  a  very 
large  area,  from  fifteen  to  twenty  miles  in  length,  by  an  average 
breadth  of  ten  or  twelve  miles.  It  extended  from  Botomahana  on 
the  south  to  near  Ohinemutu  on  the  north,  and  along  the  shores 
of  Lake  Botorua  to  Ta  Heke.  The  depth  varied  from  a  few  inches 
to  ten  feet,  but  at  Te  Ariki,  near  the  point  of  ejection,  it  was  esti- 
mated to  be  at  least  thirty  feet  in  depth,  and  it  was  very  heavy, 
which  will  account  for  the  manner  in  which  the  houses  at  Wairoa 
were  crushed  down. 

Dr.  Hector,  C.M.G.,  F.B.S.,  is  stated  to  have  expressed  the  opinion 
that  the  earthquake  shocks  caused  by  the  outbreak  of  Mount  Tara* 
wera  ruptured  the  steam  pipes  in  the  Botomahana  geysers,  and  let 
in  the  water  of  the  lake  upon  the  subterranean  heat,  resulting  in  the 
generation  of  enormous  quantities  of  steam,  and  the  ejectment  of  the 
mud  at  the  bottom  of  the  lake.  The  material  throvmi  out  by  Mount 
Tarawera  appears  to  have  been  more  of  the  nature  of  a  white  earthy 
pumiceous  dust,  but  so  far  as  yet  known  lava  has  not  been  observed. 
The  pumiceous  dust  was  examined  by  Profs.  Brown  and  Thomas, 
of  Auckland  University  College,  who  report  on  a  sample  obtained 
at  Tauranga,  that  it  consisted  of  angular  grains  of  quartz,  volcanic 
glass  and  finely  divided  pumice,  fragments  of  felspar,  hornblende, 
and  other  volcanic  minerals. 
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My  collea^e,  Mr.  Thomas  Davies,  F.G.S.,  of  the  Mineralogical 
Department,  British  Mosenm,  has  examined  samples  of  the  dust  sent 
home  by  Mr.  Henry  Gray,  of  Aackland,  and  collected  at  Botoraa, 
and  also  at  Taoranga,  which  is  from  forty  to  fifty  miles  from  the 
points  of  emption,  and  finds,  the  former,  which  is  the  coarser,  con« 
sists  of  pnmice,  a  glassy  scoria,  snbangnlar  quartz-grains,  and  a 
felspar  which  is  probably  orthoclase;  the  latter  is  of  the  same 
materials,  but  finer,  and  includes  more  pamiceous  dust. 

We  cannot  do  better  than  close  this  brief  account  of  the  Tarawera 
eruption  by  quoting  the  statement  of  two  of  the  explorers,  Mr.  H. 
Steel,  and  Mr.  Blomfield,  artist  to  the  New  Zealand  Herald,  who 
appear  to  have  approached  nearer  to  the  points  of  eruption  than  any 
other  explorers,  up  to  the  time  our  last  advices  left  New  Zealand. 

''  We  reached  a  very  high  and  steep  hill,  almost  perpendicular, 
immediately  above  what  once  was  Rotomahana  Lake,  but  which  is 
now  an  immense  basin,  studded  with  hundreds  of  small  volcanic 
cones,  geysers,  fumaroles,  and  ngawhas,  a  regular  witches'  cauldron, 

awful  and  terrible From  the  point  at  which  our  party  was 

standing  we  enjoyed  a  good  view  of  Tarawera  Mountain,  Rotoma- 
hana, and  the  line  of  volcanoes  between  Rotomahana  and  Okaro 
Lake.  One  of  these  was  throwing  up  black  mud  to  a  great  height 
It  was  forming  a  high  bank  of  mud  on  the  western  side  of  its  crater. 
An  immense  body  of  steam  was  rolling  out  of  a  large  circular  hole, 
some  two  or  three  chains  in  diameter.  Other  volcanoes  were  throw- 
ing out  what  seemed  like  a  mixture  of  steam  and  smoke,  but  no 
lava  was  proceeding  from  any  of  them.  Low  down  on  the  Tara- 
wera Mountain,  across  the  lake,  a  crater  was  still  smoking,  and  from 
its  lower  lip  thei*e  was  a  large  fissure,  through  which  Rotomahana 
Lake  had  evidently  burst  into  the  volcano.  By  this  means  an  im- 
mense amount  of  steam  had  doubtless  been  generated,  and  the 
explosion  which  blew  the  bottom  and  sides  out  of  the  lake,  leaving 
it  an  almost  diy  basin,  had  followed.  We  observed  several  other 
craters  on  the  Tarawera  Mountain  still  smoking,  and  in  the  one 

opposite  to  us  we  noticed  a  large  deposit  of  pure  sulphur. 

The  view  obtainable  from  the  top  of  the  upper  hill,  the  nearest  point 
to  which  any  one  had  penetrated,  was  always  more  or  less  obscured 
by  the  steam  rising  from  the  basin. 

''  From  the  top  of  the  hill  above  mentioned  the  ground  sloped 
almost  perpendicularly,  and  Mr.  Blomfield  and  myself  went  down 
the  first  half  of  the  hill  in  grand  style,  without  realizing  the 
difierence  between  going  down  and  climbing  back  again.  However, 
we  had  this  brought  forcibly  to  our  minds  very  soon  afterwards. 
We  landed  on  a  small  terrace,  and  then  the  descent  of  another  hill 
(not  so  steep)  landed  us  on  a  small  mud  flat  which  lay  between  the 
foot  of  the  hill  we  had  come  down  and  the  edge  of  the  crater — that 
is,  of  the  place  where  Lake  Rotomahana  once  was.  We  walked  to 
within  five  feet  of  the  edge  of  the  abyss,  and  looked  over,  and  saw 
a  sight  which  I  do  not  think  either  of  us  will  ever  forget.  The  wind 
blowing  from  the  north  lifted  the  steam  and  disclosed  the  dry  bed 
of  Rotomahana,  which  is  now  one  soene  of  volcanic  action,  impos- 
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sible  for  words  to  describe.  ....  A  few  pools  of  dirty  boiling 
water  still  existed  at  the  western  end,  and  a  rather  large  one  at  the 
eastern  end.  Hundreds  of  volcanic  cones  were  throwing  out  steam, 
and  what  appeared  to  be  black  smoke.  Scores  of  geysers  were 
playing  away  merrily,  throwing  water  many  feet  into  the  air.  In 
one  place  a  small  plateaa  of  mud  had  been  thrown  up,  and  on  it 
was  a  pool  of  yellow  boiling  water,  from  one  end  of  which  a  jet  of 
dirty  smoke  or  steam  as  thick  as  a  man's  body  was  issuing.  About 
one  hundred  yards  from  the  western  end  a  large  volcano,  in  very 
violent  action,  kept  up  a  continual  discharge  of  mud  and  steam, 
accompanied  by  a  heavy  rumbling,  roaring  sound.  It  would  be 
impossible  to  describe  the  wonders  of  the  scene  in  their  infinite 
variety  of  volcanic  grandeur.  We  were  then  standing  on  the  bank 
above  where  the  Pink  Terraces  formerly  existed.  The  whole  southern 
bank  of  the  lake  has  been  blown  completely  away,  and  the  spot 
where  the  Terraces  once  stood  is  now  an  open  gap.  We  next  walked 
round  the  crater  to  the  western  end  of  the  lake,  to  try  to  obtain  a  view 
of  the  White  Terraces.  Having  waited  till  the  steam  lifted,  we 
then  saw  that  the  White  Terraces  were  also  gone.  The  appearance 
of  the  place  where  they  had  stood  was  entirely  changed,  but  a  very 
active  geyser  was  still  playing.  Beturning  back  to  where  we 
first  came  down  to  the  crater's  edge,  Mr.  Blomfield  took  a  sketch 
of  the  scene  before  us.  We  then  started  on  the  return  climb — a  very 
different  thing  from  the  descent  After  a  long  pull,  we  got  on  to  the 
first  terrace,  and  then  began  the  ascent  of  the  big  hilL  We  slowly 
crawled  up  its  steep  face,  digging  our  hands  and  knees  into  the  soft 

mud  of  which  it  was  compel We  stopped  to  rest  every  few 

minutes,  preventing  ourselves  from  slipping  back  by  thrusting  our 
arms  straight  into  the  face  of  the  hill,  but  when  we  got  within 
thirty  feet  of  the  top,  a  slight  earthquake  shock,  which  shook  the 
hill  and  sent  the  sand  down  round  us,  acted  like  a  refresher,  and  we 
made  good  time  to  the  top,  where  we  found  the  rest  of  the  party." 

It  is  also  reported  that  Tarawera  had  developed  seven  craters  on 
the  Tarawera  Peak  proper,  and  three  on  Buawahie.  It  is  further 
believed  that  those  on  the  immediate  site  of  Kotomahana  will  remain 
permcment 


III. — ^Thb  Ukoonfobmity  between  the  Bagshot  Beds  and  the 

London  Clat. 
By  the  Bey.  A.  Ietdtg,  B.Sc,  B.A.,  F.G.S.,  of  WeUington  Ck>llege. 

IN  the  paper  on  the  well-section  at  Brookwood  in  the  August 
Number  of  the  Gbologioal  Magazine,*  the  author  pointed  out 
that  a  comparison  of  the  lithological  facts  brought  to  light  in  that 
section  with  those  furnished  by  two  other  deep-well  sections  (at 
Wokingham  and  Aldershot  respectively)  lead  to  an  inference  in  favour 
of  a  considerable  amount  of  denudation  of  the  London  Clay  having 
taken  place  during  the  deposition  of  the  Bagshot  Beds ;  that  is  to 


*  While  that  paper  was  passing  through  the  press,  the  author  was  informed  by  the 
contractor,  Mr.  S.  P.  Coaker,  that  "  a  very  perfect  shark's  tooth  was  found  at  the 
depth  of  about  sixty  feet."    May  not  this  nave  been  derired  from  the  London  Clay  P 
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«ay,  irrespectively  of  the  particular  horizon  in  the  Bagshot  Series 
to  which  certain  marginal  portions  of  the  Bagshot  Beds  may  be 
ultimately  assigned,  there  seemed  to  be  pretty  clear  evidence 
famished,  from  the  London  Clay  itself,  of  the  fact,  that  along  their 
northern  and  southern  flanks  the  Bagshot  Beds  rest  on  beds  belonging 
io  lower  horizons  in  the  London  Clay  formation  than  those  on  which 
the  Bagshot  Beds  rest  in  the  more  central  portions  of  the  area.  The 
present  brief  paper  is  an  attempt  to  show  that  the  above  conclusion 
is  borne  out  by  a  much  wider  induction  from  data  gathered  from 
the  area  of  the  London  Basin  in  general.  I  have  carefully  gone 
through  the  448  well-sections  appended  to  Mr.  Whitaker's  Memoir 
on  the  London  Basin, ^  and  have  selected  from  among  them  such 
instances  as  seemed  to  throw  any  light  upon  this  question.  A  large 
majority  of  those  sections  include  the  London  Clay ;  but  since,  in  a 
great  number  of  them,  the  thickness  of  that  formation  in  feet  is 
given  only,  unaccompanied  by  any  lithological  notes  on  the  strata, 
they  have  been  omitted,  as  affording  no  help  to  us  in  the  present 
investigation.  There  are,  however,  as  many  as  29  sections,  in  which 
such  notes  appear.  In  every  one  of  these  the  Heading  Beds  or  the 
Thanet  Sands,  and  in  most  cases  both  these  formations,  were  proved 
below  the  London  Clay,  so  that  we  are  quite  sure  of  a  correct  basal 
horizon.  In  many  instances  also  the  Basement  Bed  of  the  London 
Clay  is  noted.  In  22  of  these  29  sections,  the  thickness  of  the 
London  Clay  is  less  than  200  feet,  and  in  all  these  there  is  mention 
of  such  inclusions  in  the  strata  as  'green  sand,'  septaria  ('clay- 
stones'),  pyrites,  flint  pebbles,  and  'shells.'  These  therefore  agree 
in  this  respect  (without  a  single  exception)  with  the  lower  half  or 
rather  more  of  the  London  Clay  of  the  Brookwood  section,  as  shown 
in  the  deep  well  at  the  Asylum  on  Knap  Hill,  which  also  (as  shown 
in  my  last  paper)  agrees  with  the  London  Clay  strata  pierced  at 
Wokingham  on  the  northern,  and  at  Aldershot  on  the  southern, 
margin  of  the  Bagshot  area.  From  this  I  conclude  that  in  all  these 
22  sections  we  have  (within  their  several  limits)  homotaxial  equiva- 
lents of  strata  of  the  lower  half  or  rather  more  of  the  London  Clay, 
as  that  formation  is  proved  in  the  Brookwood  section. 

In  the  remaining  seven  sections  there  is  no  mention  of  septaria, 
etc.,  above  about  200  feet  from  the  base  of  the  London  Clay.  Of 
course  this  does  not  absolutely  prove  the  absence  of  them,  in  these 
seven  sections,  but  the  number  of  instances  is  sufficiently  large  to 
establish  a  high  degree  of  probability  that  they  were  not  found 
at  those  higher  horizons ;  and  in  every  case  there  is  mention  of  them 
at  horizons  below.  The  list  from  which  this  inference  is  drawn 
includes  sections  at  Aldershot  Place,  on  the  south  side  of  the  area, 
at  Hampstead,  Harrow,  Braintree  and  Chelmsford,  on  the  north,  and 
at  Canterbury  in  the  extreme  east  The  great  majority  however  are 
in  the  metropolitan  portion  of  the  area.  One  of  these  (at  Wimbledon) 
corresponds  so  well  with  the  Brookwood  section,'  that  it  deserves  to 
be  given  here  more  in  detail,  as  follows : — 

^  Memoirs  of  the  Oeol.  Simrey  of  Great  Britain,  toI.  ir. 
'  GsoL.  Mao.  August,  1886. 
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feet 

Soil  and  daj  (brown)       3 

3- 

'Lead-coloored,  hard,  flaky  clay 20 

Reddish  sand  and  lead-coloured  clay      80 

Lead-coloured,  strong  loam         60 

Lead-coloured  clay  or  loam,  with  stony  nodnles  (septaria)    40 

^  Hard  rock \ 

Lead-coloured  day  with  much  sulphur,  many  lumps  of 
stone,  giying  off  <'  noxious  air/'  some  rotten  wood 

below 286 

,  Hard  rock \ 

Total  thickness  of  London  Clay     437 

440  ft. 
This  well  was  **  sunk  all  the  way." 

At  page  282  of  the  Memoir,  Mr.  Whitaker  mentions  a  section  ixk 
the  Wimbledon  neighbourhood,  which  shows  a  passage  upwards^ 
from  the  London  Clay  into  Bagshot  Sands.  This  bears  out  the 
inference  which  I  drew  in  my  last  paper  from  lithological  evidence 
very  similar  to  that  cited  by  him,  as  to  such  a  passage  occurring  in 
the  well-section  at  Brookwood. 

It  is  of  course  a  rare  thing  in  wells  in  these  Tertiary  strata 
to  come  across  a  shoal  of  fossils,  such  as  that  mentioned  by  me  ^ 
elsewhere,  as  occurring  in  the  green  earthy  sand  of  the  Middle 
Bagshots  at  Tateley,  Hants ;  but  isolated  fossils  are  occasionally  met 
with,  and  generally,  as  might  be  expected,  in  a  good  state  of 
preservation  in  the  London  Clay.  In  the  deep  well  at  the  Ascot 
Kacecourse,  of  which  I  have  already  published  an  account,'  the 
following,  which  are  now  in  my  possession,  were  found :  Pholodomya 
margaritacea  (192  above  the  base) ;  Cyprtna  plana ta  (a  rather  young 
individual).  A  well-rounded  pebble  of  flint  was  also  found  at 
75  feet  above  the  base  of  the  London  Clay. 

Prof  T.  Hupert  Jones,  F.B.S.,'  has  also  mentioned  the  following 
as  met  with  in  the  Wokingham  deep  well :  Cardium,  Cyprina  planata, 
pholodomya  virgvloaa,  Nautilus,  Panopaa  tntermediaf  Pinna  (fragment), 
Dentalium,  Actaon,  Natica,  Astarte,  Cytherea  tmuissima,  Dilrupa. 
These  forms  range  through  the  whole  of  the  273  feet  of  the  London 
Clay  pierced  in  that  section,  including  the  Basement  Bed. 

From  Mr.  Phillips's  brick-yard,  close  by  Wokingham  Station,  and  a 
few  feet  only  below  the  unconformable  junction  of  the  Bagshot  Sands 
and  the  London  Clay,  which  is  seen  just  below  St  Paul's  Church,*  I 
have  obtained  the  following  forms :  CypraaBowerhanlcii,  Cardium  Lay- 
toni,  Corhula  Begidhienais  (?),  Modiola  elegans,  Panopica  (fragment), 
Pleurotoma  gentilis,  Vermicularia  Bognoriensis,  Some  of  the  septaria 
found  in  this  pit  are  charnel-houses  of  scarcely  any  other  forms  than 
V,  Bognoriensis,  The  presence  of  these  forms  would  seem  again  to  indi- 
cate a  tolerably  low  horizon  in  the  London  Clay  for  the  beds  on  which 
the  Bagshot  Sands  at  Wokincham  are  superimposed.  Oxidation-pro- 
ducts of  pyrites  and  flint  pebbles  are  common  in  the  London  Clay  here.^ 

1  Q.J.G.8.  August,  1886,  p.  600.  »  Proc.  Geol.  Assoc.  toI.  ix.  No.  6. 

»  Gbol.  Mao.  Decade  II.  Vol.  VIL  pp.  422, 423. 
*  Q.J.G.S.  he,  eit.  p.  606,  fig.  4. 
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From  ihe  London  Clay  at  Aldershot,  in  the  brick-yard  due  south 
of  the  Station,  I  have  obtained  OypriBa  Bowerbankii,  Modiola  elegans. 
The  last-mentioned  is  very  abundant  in  the  septaria  of  that  locality. 
^*  In  his  excellent  work,  Stratigraphieal  Oeology  and  Palaontology,^ 
Mr.  Etheridge  remarks :  "  Prof.  Prestwich  has  shown  that  there  are 
traces  of  palaaontological  zones  in  the  London  Clay,  the  lowest 
indicating  in  the  east  of  the  area  of  deposit  a  maximum  depth  of 
water  (500  feet),  while  a  progressive  shallowing  is  seen  in  the 
higher  zones,  the  uppermost  of  w^ich  contains  the  chief  part  of  a 
terrestrial  flora,  as  well  as  the  fish  and  reptilian  remains,  all  of  which 
are  seen  in  the  Sheppey  Beds." 

The  thicknesses  given  by  Prof.  Prestwich '  for  the  London  Clay,  as 
proved  in  two  wells  at  Sheemess,  are  347  feet  and  366  feet,  very 
near  approximations  to  the  least  thickness  (371  feet)  assigned  in  my 
last  paper  to  the  same  formation  in  the  Brookwood  section.  There 
too,  according  to  Mr.  Whitaker,'  "the  London  Clay  has  a  more 
loamy  character  and  brown  colour ;  there  are  also  some  beds  of  sand 
(north  of  Wybnms)  which  become  more  numerous  further  east,  so 
that  tJiere  is  no  sharp  line  of  demarcation  "between  the  undoubted  London 
Clay  and  the  overlying  sand,  which  has  been  referred  to  the  Bagshot 
Series,^'  This  corresponds  very  well  with  what  I  have  described  as 
indicating  a  passage  in  the  Brookwood  section ;  while  such  features 
are  conspicuous  by  their  absence  in  all  sections  where  I  have  seen 
the  Bagshots  resting  on  the  London  Clay  along  the  flanks  of  the 
present  Bagshot  area. 

It  is  much  to  be  regretted  that  the  works  at  Brookwood  were  not 
watched  during  the  progress  of  the  well  through  the  London  Clay. 
As  it  is,  there  would  appear  to  be  no  record  of  any  ti-aces  of  a 
*  terrestrial  flora '  or  of  *  fish  and  reptilian  remains '  to  correspond 
with  those  of  the  Sheppey  Beds.  In  the  most  complete  as  to  its 
details  of  the  well-sections  referred  to  in  this  paper  —  that  of  the 
Wokingham  Town  Well — furnished  on  so  excellent  an  authority  as 
that  of  Prof.  T.  Bupert  Jones,  there  is  no  mention  whatever  of  any 
traces  of  those  remains  which  seem  to  characterize  the  higher  zones 
of  the  London  Clay ;  nor  have  I  met  with  any  in  the  brickyards  at 
the  surface.  It  would  appear,  therefore,  that  at  Wokingham  the 
ovidence  furnished  by  the  London  Clay  itself,  as  to  the  removal  by  . 
denudation  of  all  the  upper  poi-tions  of  that  formation,  before  the 
Bagshot  Sands  were  deposited  upon  it,  is  pretty  direct  and  conclusive ; 
and  this  entirely  harmonizes  with  the  observations,  which  I  have 
previously  recorded,^  of  the  evidence  of  erosion  of  the  London  Clay 
beneath  the  Bagshot  Sands  at  Wokingham,  and  the  occurrence  of 
rounded  flint  pebbles  on  that  eroded  surface  at  the  bottom  of  the 
Bagshot  Sands  there  exposed. 

Taking  all  the  facts  adduced  in  this  paper,  and  comparing  them 
with  those  mentioned  in  my  paper  on  the  Brookwood  section,  it  is 

^  Page  610. 

*  Q.  J.  G.  S.  vol.  X.  p.  404,  quoted  by  Mr.  Wliitaker  at  p.  469  of  the  Memoir 
on  the  London  Basin.  ^  Memoir,  p.  317. 

*  Q.  J.  G.  S.  August,  1885,  pp.  604, 605 ;  Proc.  Geol.  Association,  toI.  ix.  p.  222. 
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diflBcult  to  Bee  how  we  can  arrive  at  any  other  conclnsion  than  one 
favourable  to  unconformity,  from  evidence  furnished  by  the  London 
Clay  itself 

Where  this  formation  exists  in  its  full  normal  development,  with 
Bagshot  Beds  superimposed  upon  it,  there  appear  to  be  dear  signs 
of  a  passage  from  one  formation  into  the  other :  on  the  other  hand, 
where— as  in  sections  elsewhere  described  by  me — on  the  marginal 
portions  of  the  Bagshot  area,  the  transition  is  an  abrupt  one,  the 
stratigraphical  data  furnished  by  the  London  Clay  seem  to  lead  to 
the  necessary  inference,  that  the  upper  beds  of  that  formation,  to  the 
extent  of  probably  100  to  150  feet  in  thickness,  were  removed  by 
denuding  agencies  (furnishing  perhaps  the  clayey  materials  of  the 
Middle  Bagshots*)  before  the  Bagshot  Beds  were  deposited  upon  the 
London  Clay  in  those  localities. 

Note. — In  generalizing  from  a  number  of  deep  well-sections  in  a 
given  geological  district,  it  would  be  mere  pedantry  to  insist  upon 
the  exact  value  of  the  measurements  in  every  case.  Errors  may 
arise  from  tubes  getting  out  of  the  vertical,  and  from  the  materials 
getting  mixed  up  to  some  extent  in  the  boring  tools.  But  they  no 
more  vitiate  the  conclusions  drawn  from  a  general  agreement  of  a 
number  of  sections  than  those  slight  variations  allowed  for  on  the 
score  of  "  errors  of  experiment "  in  experimental  science  invalidate 
the  conclusions  drawn  from  a  general  agreement  of  results.  In  some 
instances,  moreover,  we  have  more  definite  data  than  a  mere  boring 
can  furnish.  At  Brook  wood,  for  example,  the  six-foot  well  with 
iron-cylinders  was  carried  down  to  a  depth  of  197  feet,  that  is  to 
say,  through  the  whole  of  the  Bagshot  series  and  into  the  London 
Clay;  at  Wellington  College  the  six-foot  well  penetrates  about 
180  feet ;  in  the  Ascot  deep- well  mentioned  above  the  shaft  or  well 
extends  down  to  250  feet ;  and  in  the  deep  well  at  Wokingham  the 
six-foot  "  dry- sinking "  was  carried  down  to  264  feet,  that  is,  into 
the  Basement-bed  of  the  London  Clay. 


IV. — Notes  on  the  Discovert  op  the  base  of  ▲  Labge  Fossil 

Tbee  at  Clayton. 

By  S.  A.  Adamsok,  F.G.S. 

ONLY  a  short  time  since  there  was  discovered  in  the  Lower  Coal- 
measures  at  Idle,  a  magnificent  specimen  of  Megalichthya 
Hibherti;  and  now,  at  Clayton,  near  Bradford,  has  been  found  one  of 
the  grandest  examples  yet  seen  of  a  fossil  Sigillaria  tree.  It  was  in 
the  Fall  Top  Quarry,  at  Clayton,  worked  by  Messrs.  Murgatroyd  and 
Sons,  that  this  remarkable  fossil  was  discovered,  and  these  gentlemen 
deserve  the  highest  praise  from  all  geologists  for  the  skill  and 
extreme  care  with  which  they  have  bared  the  fossil,  and  also  for 
their  kindness  in  allowing  it  to  be  inspected.  This  quarry  is  not  far 
from  the  edge  of  a  bold  escarpment  overlooking  the  Thornton 
Valley,  and  the  well-known  EUand  Flagstone  is  worked  here  for 
landings,  flags,  etc.  Between  the  Better-Bed-Coal  and  the  Flagstone 
*  Cf.  Proc.  Geol.  Association,  vol.  ix.  Ko.  5. 
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there  is  a  great  thickness  of  sandstones,  shales,  etc.,  of  Tarions 
characters,  and  it  was  in  these  measures  that  the  fossil  tree  was  dis- 
covered ahout  12  feet  below  the  surface.  The  sandstones  just 
referred  to  are  of  little  commercial  value,  many  being  irregularly 
bedded,  and  others  very  perishable  in  their  nature ;  the  better  kinds 
are  used  for  rough  walling,  the  remainder  being  merely  rubbish  to 
fill  up  other  excavations.  The  marketable  flagstone  is  at  a  consider- 
able depth  in  this  quarry,  and  blasting  operations  have  to  be  carried 
on  to  remove  rapidly  the  overlying  strata.  After  one  of  these 
explosions,  Messrs.  Mui-gatroyd  observed  part  of  a  large  fossil  tree 
exposed,  and,  profiting  by  their  knowledge  of  geology  (which,  by 
the  work  of  the  Yorkshire  Geological  Society  and  also  of  the  Leeds 
Geological  Association,  is  rapidly  spreading  throughout  the  entire 
county),  they  immediately  suspended  further  operations,  and,  instead, 
gave  orders  to  their  workmen  to  carefully  bare  the  remainder  of  the 
roots.  Part  of  the  stump  and  four  of  the  roots  were  damaged  by 
the  explosion,  but  four  roots  were  left  in  situ.  Since  then,  the 
broken  pieces  have  been  collected  and  placed  together  most  admirably, 
presenting  now  the  remarkable  sight  of  a  huge  stump  of  Sigillaria, 
sending  out  eight  forked  stigmarian  roots.  The  following  dimensions, 
carefully  measured,  will  afiford  an  idea  of  the  magnitude  of  this 
fossil : — 
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The  diameter  of  the  visible  area  covered  by  the  ramifications  of 
the  roots,  is,  from  north  to  south,  29  ft  6  in.  and  from  east  to  west 
28  ft.,  giving  a  superficial  area  exposed  of  826  feet  The  stump  of 
the  tree  was  embedded  in  soft  sandy  shale,  locally  termed  "  yellow 
loam,"  the  roots  resting  on  a  bed  of  soft  blue  shale,  which  some  of 
them  penetrate.  The  roots  7  and  8,  and  also  the  roots  1  and  2,  re- 
spectively cross  each  other,  producing  depressions  in  the  lower  roots 
at  the  point  of  contact  The  Stigmarian  roots  present  very  finely 
the  characteristic  pits  or  scars  from  which  the  rootlets  or  filaments 
formerly  originated,  and  an  examination  of  the  shale  immediately 
touching  the  roots,  reveals  these  rootlets  in  vast  numbers.  The 
neighbourhood  appears  to  be  prolific  in  grand  examples  of  Carbon- 
iferous vegetation,  for  in  another  part  of  the  quarry  at  a  short  distance, 
I  observed  two  large  stigmaria  protruding  fh)m  the  side,  whilst  in  the 
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cutting  of  the  raUway  close  by,  a  good,  but  maoh  smaller  speoimen 
of  Sigillaria,  with  roots  attached,  was  carefoUy  got  out,  and  presented 
by  the  engineer  to  the  Yorkshire  College  at  I^eds.  So  remarkable 
a  fossil  as  the  one  described  should  be  procured  at  onoe  for  one  of 
our  museums;  it  would  be  an  unrivalled  example  for  geological 
students.  To  allow  it  to  meet  the  common  fate  of  many  fine  fossils, 
that  of  being  broken  up  for  rockeries  or  gardens,  would  be  an  act  of 
inexcusable  and  gross  scientific  vandalism.  The  proprietors  intend* 
although  it  stops  the  progress  of  their  business,  to  allow  it  to  remain 
undisturbed  for  three  or  four  weeks  longer,  and  to  any  geologists 
tempted  by  the  breezy  Yorkshire  hills  and  fine  scenery,  they  offer 
a  hearty  Yorkshire  invitation  to  inspect  this  giant  fossiL 


35rOTIOES      OIF      ISdlEa^OIKS- 


I. — Shobt  NonoES  of  Soientivio  Papers. 

1. — Biblioth^ue  Geologique  de  la  Bussie,  redigee  par  S.  Nikitin. 
Large  Svo.  pp.  126.    (St  Petersburg,  1886,  Librairie  Eggers  et  Cie.) 

THIS  work  is  intended  to  be  a  record  of  all  books,  periodical 
publications,  and  brochures  treating  of  the  geology,  mineralogy, 
and  palsBontology  of  Bussia,  whether  published  in  that  country  or 
elsewhere.  It  gives  a  short  risumS  of  the  contents  of  each  work  in 
Bussian  and  French.  The  present  is  the  first  memoir  of  the  series, 
and  contains  references  to  256  separate  papers  which  have  been  pub- 
lished in  1885.  They  appear  to  have  been  very  carefully  prepared, 
and  in  the  palseontological  papers  the  names  of  the  new  genera  and 
species  are  quoted.  There  is  also  a  complete  index.  This  record 
will  be  of  special  value  to  all  geologists,  to  whom  at  present  works 
published  in  Bussian  are  quite  unavailable,  for  it  will  at  least  furnish 
an  idea  of  the  progress  of  the  science  in  that  country,  and  we 
sincerely  hope  that  it  may  be  continued  in  future  years. 

Annalen  des  E.  K.  Naturhistorischen  Hofmuseums ;  redigirt  von 
Dr.  Franz  Bitter  von  Hauer.    Bd.  i.    No.  2.    (Wien,  1886.) 

This  second  number  of  the  Annals  of  the  new  Natural  History 
Museum  at  Vienna  contains  amongst  others,  the  following  important 
papers : — 

2. — Ueber  die  miocenen  Pteropoden  von  CEsterreich  Ungam,  von 
Ernst  Eittl.     Mit  einer  lithogr.  Tafel. 

The  characters  of  the  minute  and  delicate  shells  of  Pteropods  from 
the  Austro-Hungarian  Miocene  strata  are  carefully  worked  out,  and 
illustrations  given  of  most  of  the  species.  Their  presence  in  great 
numbers  indicates,  according  to  the  author,  the  abyssal  character  of 
the  deposit.  The  following  new  species  are  described :  Creseis 
Fuchsi,  Vagtnella  Lapugyensis,  V.  austriaeat  V.  Bzehaki,  Balantium 
Fallauxi,  B,  Bittneri,  Eyalaa  bisulcata,  Spirialis  Koeneni,  S,  Tarcha^ 
nensis,  and  S.  Andrussom. 
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8. — Ansiofaten  ueber  die  palseozoiscben  Inseoten,  und  deren 
Deutung ;  Ton  Prof.  Dr.  Friedrich  Brauer.  Mit  zwei  photozinkogr. 
Tafeln. 

This  is  an  elaborate  critical  review  of  the  classifications  adopted 
by  Scudder,  Brongniart,  and  others,  for  PaUaozoic  insects,  and  of  the 
significance  of  the  characters  on  which  these  have  been  based.  In 
many  points  the  author  disputes  the  views  of  Scudder,  lately  pub- 
lished in  Zittel's  Handbuch  der  Palseontologie.  The  wing-structures 
of  many  of  the  Palasozoic  insects  and  of  their  nearest  living  allies 
are  well  illustrated  in  the  accompanying  plates.  Amongst  other 
<x)nclusions,  the  author  states  that  the  Palssozoic  insects  present  no 
contradiction  to  the  views  of  biologists  as  to  the  origin  of  the  class, 
and  that  they  did  not  form  a  special  order  which  could  be  regarded 
as  a  general  basis  for  the  existing  orders  of  insects. 

4. — Bestimmung  des  specifischen  Gewichtes  von  Mineralien,  von 
Dr.  Tictor  (^oldschmidt. 

The  author  points  out  the  causes  for  the  differences  occurring  in 
the  practical  determination  of  the  specific  gravity  of  the  same 
mineral ;  which  rest  not  so  much  in  the  method  adopted  as  in  the 
seleetion  of  the  materials  which  are  tested.  G.  J.  H. 


n. — ^NouvELLSs  Obskevations  sub  DBS  Tbages  d'Animaux  kt  autbbs 

Pn^OMiSNES    d'oBIQINE    PUBEMENT    MiCANIQUE    D^CBITS    OOMMB 

"Algues  Fossiles."  Par  A.  G.  Nathobst.  Avec  5  planches 
en  phototypie  et  plusieurs  figures  intercalees  dans  le  texte.  Eongl. 
Svenska  Vetenskaps-Akademiens  Handlingar,  Bandet  21,  No. 
14.     (Stockholm,  1886.) 

rIS  memoir  is  intended  as  a  reply  to  the  objections  raised  by 
the  Marquis  of  Saporta  and  MM.  Lebesconte  and  Delgado,  to 
the  opinions  previously  published  by  the  author,  that  many  of  the 
supposed  fossil  algad  are  in  reality  nothing  more  than  the  tracks  of 
animals,  or  phenomena  of  purely  mechanical  origin.  The  fossils, 
whose  nature  is  thus  contested,  are  commonly  known  as  Cruziana,  or 
Bilobites,  Harlania,  Eophyion,  and  some  other  genera.  They  generally 
present  themselves  in  demi-relief  on  the  under  surface  of  the  beds 
in  which  they  occur;  no  traces  of  organic  substances  are  found 
associated  with  them,  and  they  are  composed  of  the  same  minerals  as 
the  matrix  in  which  they  are  imbedded.  The  theory  of  their  veget- 
able character  rests  on  the  peculiarity  of  their  markings,  which  are 
supposed  to  be  incapable  of  being  produced  by  the  tracks  of 
organisms.  Dr.  Nathorst,  however,  shows  very  conclusively,  that 
whilst  it  is  difficult  to  understand  how  algaa  could  thus  form  casts  in 
demi-relief  on  the  under  surface  of  the  beds,  such  structures  would 
be  the  natural  result  of  the  filled -up  tracks  or  burrows  of  marine 
organisms.  Of  the  manner  in  which  these  could  be  made,  the  author 
gives  practical  proof  by  passing  a  movable  roller,  shaped  like  a 
double  spindle,  over  the  surface  of  a  layer  of  soft  mud,  and  then  by 
means  of  gypsum  obtaining  moulds  of  the  concave  impressions. 
Photographs  of  these  moulds  are  given  in  the  accompanying  plates, 
and  they  faithfully  represent  in  almost  every  detail,  the  supposed 
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algaa.  The  author  by  no  means  denies  the  probable  occurrence  of 
true  Algas  in  Palaeozoio  strata,  though  he  considers  that  most  of  the 
forms  described  as  such  by  Sapor ta  have  no  claim  to  be  included  in 
the  vegetable  kingdom.  G.  J.  H. 

III.— On  the  Flora  of  the  Cbombb  Forest-Bed.  By  Clement  Heid, 
F.G.S.  Transactions  of  the  Norfolk  and  Norwich  Naturalists* 
Society,  vol.  iv.  pp.  189—200. 

FROM  various  exposures  of  the  so-called  Cromer  Forest-Bed  at 
different  localities  on  the  coast  of  Norfolk,  and  at  Pakefield  in 
Suffolk,  Mr.  Reid  procured  samples  of  dark  peaty  sandy  clays,  which 
by  careful  manipulation  and  washing,  yielded  the  seeds  and  fruits  of 
a  number  of  plants.  These  were  patiently  and  carefully  picked  out 
under  a  magnifying  glass,  classified,  mounted,  and  then  compared 
with  existing  forma,  with  the  results  that  the  number  of  species  in 
the  accompanying  list  is  more  than  double  that  previously  known. 
The  species  of  Mosses  and  Chara  have  not  yet  been  determined,  but 
the  list  includes  40  species  of  Dicotyledons,  18  of  Monocotyledons,  5 
Gymnoaperms,  and  3  Cryptogams.  With  a  few  exceptions  the  same 
plants  still  exist  in  the  locality,  but  some  are  locally  extinct.  Mr. 
Reid  points  out  the  significance  of  this  fact,  when  it  is  considered 
that  since  the  period  when  the  plants  lived  whose  fruits  and  seeds 
have  been  preserved,  the  Glacial  epoch  has  intervened,  and  the  large 
mammals,  and  even  many  of  the  mollusca,  have  become  extinct.  So 
far  the  investigations  into  the  Pliocene  Flora  show  that  the  period 
of  intense  cold  produced  but  little  effect  in  the  distribution  of  the 
plants  in  this  locality,  since  the  same  forms  with  few  exceptions 
returned,  apparently  without  intermixture,  to  re-occupy  their  former 
habitats. 

The  paper  is  a  brief  one,  but  it  represents  a  great  amount  of 
steady,  continuous  work,  and  careful  observation.  It  will  prove  of 
much  value,  both  from  a  botanical  as  well  as  a  geological  point  of 
view,  and  its  importance  is  enhanced  from  the  fact,  that  with  one  or 
two  unimportant  exceptions,  no  Plant-remains  are  yet  known  from 
other  Pliocene  beds  in  Britain.  G.  J.  H. 


I^  E  V  I  E  -VT*  S. 


I. — Department  op  the  Interior.  Report  of  the  United  States 
Geological  Survey  of  the  Territories.  F.  V.  Hatden,  United 
States  Geoloqist-in-Charge.  Volume  III.  The  Vbrtebrata 
OF  the  Tertiary  Formations  of  the  West.  Book  I.  By 
Edward  D.  Cope,  Member  of  the  National  Academy  of  Sciences. 
(Washington,  Government  Printing  Office,  1883.) 

IN  recent  scientific  history  of  civilization  few  administrative 
events  can  compare  in  magnitude,  or  in  their  effects  upon  the 
populations  concerned,  with  the  Geological  Survey  of  the  United 
States.  In  no  other  part  of  the  world  have  the  resources  of  the 
Government  been  used  with  a  like  wisdom  and  liberality  in 
accumulating  and  diffusing  natural  knowledge  of  the  country,  for 
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the  benefit  of  the  people.  It  is  impossible  to  express  too  strongly 
admiration  for  the  administrative  discernment  which  has  recognized 
that  organized  knowledge  of  the  geographical,  geological,  botanical, 
zoological,  and  anthropological  conditions  of  the  newly-settled  lands 
of  the  West,  is  the  necessary  foundation  for  their  commercial,  social, 
and  political  prosperity.  But  when  we  contemplate  the  library  in 
which  the  achievements  of  this  great  conception  stand  recorded,  with 
all  the  elaboration  which  the  best  science  of  our  time  could  com- 
mand, we  yield  homage  to  those  who  have  planned  and  have  carried  i 
out  this  work,  for  a  service  to  their  country  and  to  humanity,  which  ; 
in  its  way  has  no  parallel. 

The  branches  of  science  are  so  interrelated,  that  none  can  be  said 
to  be  less  or  more  important  than  the  others.  And  if  to  the  popular 
imagination  geology  and  palaeontology  do  not  seem  quite  so  engrossing 
as  other  matters  among  life's  interest  which  develope  from  them,  as 
a  foundation,  it  is  manifest  that  they  have  engaged  the  enthusiasm  / 
and  life-long  labour  of  intellects  among  the  most  remarkable  which  J 
modem  times  have  produced.  And  the  great  American  Eepublic 
may  be  congratulated  on  having  commanded  the  services  of  men  of 
genius,  whose  courage  and  industry  have  been  equal  to  grappling 
with  this  gigantic  work. 

The  latest  of  the  United  Survey  Reports,  by  Professor  Cope,  issued 
as  a  first  part  of  a  brief  history  of  the  fossil  remains  of  Vertebrata, 
found  in  the  Tertiary  rocks  of  the  Western  Territories,  extends  to 
more  than  a  thousand  quarto  pages  of  text,  illustrated  with  some 
woodcuts  and  one  hundred  and  thirty-four  quarto  plates,  and  gives 
in  a  noble  and  connected  form  a  panorama  of  the  life  which  the 
author  had  studied  during  the  preceding  ten  years.  Professor  Cope's 
previous  contributions  to  the  same  series  of  publications  have  pre- 
pared us  for  these  matured  studies,  which  are  well  described  by 
Major  Powell,  the  Director  of  the  United  States  Geological  Survey, 
as  a  ''valuable  contribution  to  palaeontology,  and  a  monument  ta 
the  labour  and  genius  of  the  author." 

Professor  Cope  is  a  naturalist  in  the  largest  sense  of  the  term ; 
not  undervaluing  the  great  results  which  reward  the  comparative 
anatomist,  but  conspicuous  among  those  who  have  cherished  the 
traditions  of  zoologists,  he  has  known  well  how  higher  results 
depend  upon  detailed  work,  and  clear,  full,  and  accurate  description 
of  the  variable  elements  in  organic  structures.  No  man  has  a  keener 
appreciation  of  the  order  of  nature ;  and  it  is  manifested  again  and 
again  in  new  grouping,  or  the  definition  of  new  groups,  or  the  inter- 
calation of  new  types  in  their  places  among  well-known  tribes,— a 
power  which  is  rare,  because  it  can  only  flow  from  a  knowledge  of 
the  extent  to  which  the  structures  of  any  extinct  type  may  vary, 
consistently  with  the  preservation  of  its  group  plan,  or  the  elimina- 
tion from  that  plan  of  a  series  of  characteristics.  The  gifts  and 
attainments  in  which  the  analytical  and  synthetic  powers  are  evenly 
balanced,  and  by  which  the  extinct  and  existing  life  have  been  ( 
examined  by  the  same  methods,  have  long  made  the  author  of  this  \ 
work  conspicuous  as  one  of  the  most  successful  palaeontologists  who 
have  yet  adorned  the  science. 
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The  volame  now  notioed  is  oonoeiyed  in  a  systematio  spirit.  After 
the  preface,  which  accounts  for  the  origin  of  the  collectioDS,  states 
the  rules  of  nomenclature,  and  the  chief  scientific  results  attained, 
an  Introduction  describes  the  geological  succession  of  Tertiaiy  rocks 
of  Western  America,  and  attempts  to  correlate,  on  the  evidence 
of  their  fossils,  the  American  rocks  which  contain  vertebrata,  with 
those  of  Europe.  If  we  do  not  discuss  this  correlation,  it  is  because 
it  raises  questions  which  would  require  a  volume  for  their  examina- 
tion ;  but  we  may  say  that  just  as  the  occurrence  of  fossil  reptiles  in 
America  nearly  allied  to  those  in  some  European  strata  seems  to  us 
insufficient  to  fix  the  age  of  the  American  deposits ;  so  the  presence 
in  American  strata  of  extinct  species  of  European  genera  of  Mammals, 
even  when  many  occur  in  common,  is  but  uncertain  proof  of  identity 
in  age  between  the  subdivisions  of  the  American  Tertiaries  and  the 
subdivisions  recognized  in  Western  Europe.  But  if  this  problem, 
which  is  taken  up  as  it  were  by  the  way,  is  not  finally  solved,  facts 
•enough  are  presented  to  challenge  attention,  and  justify  the  correla- 
tions which  are  made. 

The  first  part  of  the  volume  discusses  the  Puerco,  Wasatch,  and 
Bridger  groups  of  American  fossil  vertebrate  life.  The  oldest  of 
these  is  regarded  as  Tertiary,  rather  than  as  Post-Cretaceous.  It 
is  a  lower  division  of  the  Wasatch  series,  with  a  distinct  fauna, 
^accumulated  in  the  Wasatch  Lake,  llie  Wasatch  beds  range  from 
New  Mexico  through  Colorado  and  Wyoming,  and  consist  of  sand- 
stones and  marls,  which  vary  from  fifteen  hundred  feet  to  five 
thousand  in  thickness.  Very  few  vertebrate  fossils  are  found  in 
the  overlying  Green  River  beds ;  but  the  Bridger  group  which  suo- 
oeeds  has  yielded  a  rich  fauna,  though  the  beds  are  less  widely 
distributed  than  the  older  Eocene  series. 

The  fauna  of  these  beds  comprises  first,  a  laige  number  of  Fishes, 
which  are  observed  to  have  a  facies  similar  to  that  of  the  existing 
fresh  waters  of  the  United  States,  with  the  addition  of  two  families 
now  confined  to  the  southern  hemisphere.  Among  the  Fishes  we 
note  a  new  Elasmobranch  genus,  Xifikotrygon,  which  is  the  genus 
Trygon  with  the  teeth  of  Raja,  The  Lepidosteus  type  is  represented 
by  the  extinct  genus  Clastes,  of  which  four  species  are  indicated. 
JPappichthys,  another  genus  of  these  beds,  differs  from  the  existing 
Amia  in  having  one,  instead  of  several  rows  of  teeth  on  the  bones 
about  the  mouth,  but  though  founded  on  mandibles,  some  of  the 
species  are  described  from  vertebras.  The  genus  BhineasieB  is  a  type 
of  doubtful  affinity,  characterized  by  possessing  vomerine  teeth,  and 
well  known  from  five  species.  Dapedoglossm  is  a  genus  with  four 
species  closely  related  to  Oateoglossum.  Diplomystm  comprises 
five  species  of  Herrings,  which  differ  from  the  genus  Clupea  in 
possessing  small  doreal  scutes  in  the  median  line  of  the  back.  The 
Perch  type  is  represented  by  several  genera,  defined  by  the  author 
under  the  names  EriBmatopierm,  Amphiplaga,  Asineops,  Mioplosus  and 
Priscacara.  Of  these  genera,  perhaps  the  most  interesting  is 
Mioploaus,  which  is  allied  to  Lehrax  and  Ferca.  This  fish  fauna 
has  more  than  ordinary  interest  from  its  occurrence  in  beds  which 


Digitized  byVjOOQlC 


Tertiary  Vertehrata  of  the  West.  415 

yielded  the  higher  vertebrata.  Of  Batrachia,  the  only  Tertiary 
specimen  known  is  from  the  Green  Biver  beds,  cmd  belongs  to  a 
tailless  Batraohian,  but  too  imperfect  for  description. 

The  Beptilia  of  American  feocene  age  are  in  no  way  remarkable  - 
except  for  the  appearance  of  new  genera.  The  Crocodilia  dififer  in  na 
important  character  from  existing  species  of  the  genus  Croeodilus, 
Five  species  are  found  in  the  Wasatch  beds,  and  six  other  species  ia 
the  Bridger  beds.  Seven  species  are  here  described :  one,  0.  heterodon, 
is  as  small  as  an  Iguana,  while  C,  clavia  is  equal  to  the  largest  East 
Indian  species.  The  Testudinata  are  more  numerous.  Sixteeni 
species  are  found  in  the  Wasatch  beds  and  thirty-two  in  the  Bridger 
beds.  Emys,  Trionyx  and  Plaatomenua  are  genera  surviving  from  the 
Cretaceous  period,  while  six  new  genera  appear,  of  which  five  are 
limited  to  these  deposits.  The  new  genera  include  Axestus,  which 
belongs  to  theTrionychidsB,  Anostira  of  Leidy,  HadrianuSfNotomorpha. 
The  genus  Emys  is  represented  by  eleven  species.  The  Lacertilia 
are  known  from  three  species  of  Champsosaurus,  especially  interesting 
as  a  type  which  survives  from  the  Cretaceous  Laramie  formation. 
Only  one  Serpent  is  known;  it  is  referred  to  an  extinct  genus 
Protagras.  After  the  remarkable  reptile  fauna  of  the  Laramie 
and  Cretaceous  rocks,  this  reptile  fauna  may  seem  tame ;  but  any  one 
who  studies  the  beautiful  plates  which  illustrate  it  will  find  abundant 
materials  for  philosophic  study  among  the  narrow-nosed  Crocodilia, 
the  variously-modified  Tortoises,  and  tibe  vertebne  of  Chimpsoaaums^ 

Turning  to  the  Mammals,  Professor  Cope  reminds  us  that  the 
Mammalia,  like  the  Keptiles  of  the  Permian  epoch,  have  the  family 
types  in  the  Eocene  rocks  of  America  all  more  generalized,  and 
that  the  orders  are  not  so  sharply  differentiated  from  each  other  aa 
in  the  later  periods  of  the  earth's  history.  The  contribution  there- 
from which  America  now  furnishes  to  our  knowledge  of  the  Mam- 
malia is  one  of  the  most  interesting  chapters  in  the  history  of  the 
group. 

The  story  begins  with  the  Marsupialia.  This  is  one  of  the  most 
difficult  groups  to  define  accurately  on  account  of  the  strong  insecti- 
vorous strain  of  characteristics  which  is  so  often  present  among 
fossils.  But  among  genera  which  are  more  definite  in  their  affinities 
is  the  remarkable  genus  Catopsalis,  a  rodent-like  type  with  the  jaw 
inflected  as  in  the  Kangaroo  and  Kangaroo  Rat,  but  with  a  tuber- 
culated  Mastodon-like  molar  dentition.  Ftilodus  is  another  interest- 
ing Marsupial,  remarkable  as  representing  the  Purbeck  Flagiaulax 
in  the  American  Eocene,  though  the  affinity  is  not  of  a  distant  kind. 

Passing  to  the  Bodentia,  the  representatives  are  again  few.  They 
are  apparently  allied  to  the  Squirrels,  and  are  referred  to  five  species 
of  the  genus  FleBtarctomys,  a  well-known  type  in  the  Eocene  of 
France. 

The  next  order  is  termed  Bunotheria.  It  is  defined  as  having  the 
animals  armed  with  claws,  with  a  transverse  mandibular  condyle,  the 
molar  teeth  usually  tubercular,  and  with  incisors  in  the  premaxillary 
bone.  There  are  usually  five  digits,  and  commonly  a  third  trochanter 
to  the  femur.     It  comprises  all  those  animals  which  the  author  had 
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but  quite  as  close  with  the  Gyrencephala.  The  Creodonta  are 
thought  to  be  the  ancestors  of  Carnivora,  while  the  Mesodonta  are 
probably  ancestors  of  the  ProsimisB,  and  the  affinity  between  the 
Prosimisd  and  the  Carnivora  is  considered  as  established.  The  Tsenio- 
donta  have  Kodent-like  inferior  incisors,  but  also  possess  inferior 
canines.     Each  molar  has  a  simple  conical  fang,  and  the  enamel 


Digitized  byVjOOQlC 


Tertiary  Vertebrata  of  the  West,  415 

round  it  oombines  to  suggest  the  cbaracters  of  an  Edentate.  So  that 
Calamodon  is  thought  to  furnish  a  hint  of  the  relationship  of  the 
Edentata  to  other  Mammals.  Taniolahis  is  a  genus  of  allied  character, 
founded  on  a  single  tooth.  The  Tillodonta  is  a  suborder  with 
rodent-like  incisor  teeth  ;  and  this  character  distinguishes  the  group 
from  the  Insectivoray  to  which  the  molar  teeth  approximate.  There 
are  three  genera  in  this  suborder.  Psittacotherium  has  six  inferior 
molars  with  cross  crests,  which  with  wear  assume  the  form  of  the 
letter  B,  with  the  convexities  turned  forward.  The  incisor  teeth  are 
powerful  and  adapted  for  breaking  nuts  or  cutting  fruits.  Two 
species  are  known.  The  other  genera  of  this  group  have  no  repre- 
sentatives in  the  Wasatch  and  Bridger  faunas.  The  Insectivora, 
which  alone  survive  at  the  present  day  of  all  the  Bunotheria, 
are  well  represented  by  the  genera  Conorycthes  and  Eathonyx. 
Esthonyx  approximates  to  the  Tillodonta  in  having  the  enamel 
of  the  incisors  restricted  in  the  lower  jaw  to  the  front  of  the  tooth. 
The  lower  molars  closely  resemble  those  of  the  Hedgehogs,  but 
several  affinities  are  seen  with  Lemurs  like  Chiromya,  and  with  the 
genus  Pelycodua.  Conorycthes  has  two  inferior  incisors,  and  is  repre- 
sented by  several  species.    Esthonyx  has  three  inferior  incisors.    It  is 


Upper 


Lower 


Upper 


Lower 


Esthonyx  Burmeiat$ri, 

remarkable  for  having  the  scaphoid  and  lunar  bones  separate,  which 
is  not  the  case  with  existing  Hedgehogs.  Four  species  are  known. 
Another  Bunotheroid  suborder  is  named  Mesodonta, — animals 
characterized  by  approaching  the  Quadrumaua  in  proportions, 
but  the  rami  of  the  mandible  are  separate,  so  that  they  also 
approximate  towards  Lemurs.  Several  allied  forms  occur  in  the 
Eocene  of  France,  and  it  gradually  became  manifest  that  these 
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animals  differ,  more  than  was  at  first  supposed,  from  existing 
types.  But  the  author  is  unable  to  separate  the  group  from  the 
Insectivora  by  ordinal  characters.  Eleven  genera  are  comprised 
in  this  tribe,  among  them  being  Mtcrosyops  with  two  species ;  and 


Hyapsodua  vicariut. 
0.  PiemaxillEry  and  maxillary,     b.  Mandible. 

Tomttherium  closely  allied  to  Adapts  of  Cuvier,  but  havine  two  incisor 
teeth  instead  of  three.  Tomithertum  is  an  animal  with  slender  limbs- 
and  elongated  femora,  and  the  limbs  generally  have  much  of  a  quad- 
rumanous  character,  and  these  resemblances  are  supported  by  those 
of  the  lower  jaw  and  teeth ;  but  in  the  form  of  the  humerus  there 
is  resemblance  to  Lemurs.  The  only  species  is  T.  rostratum.  Felycodus^ 


Anaptomorphua  homuneulus,  Nat.  size. 
a,  b.  Side  views.  e.  From  aboTe.  d.  From  below. 
is  distinguished  from  Tomithertum  by  having  the  third  trochanter 
in  the  middle  of  the  shaft ;  and  it  has  two  roots  to  the  second  pre- 
molar. Other  characters  are  shown  in  five  species  described.  SareO' 
lemur  is  an  allied  genus,  distinguished  by  having  acute  cusps  on  the 
heels  of  the  true  molar  teeth.  Hyopaodua  is  known  from  the  man- 
dibles of  five  species,  and  is  distinguished  by  the  simple  inner  tubercle, 
with  cusps  at  the  angles  of  the  heels  of  the  molars. 

The  Prosimi89  are  distinguished  from  the  Mesodonta  by  having  aiii 
opposable  hallux  which  does  not  exist  in  the  genus  Pelyeodus.  The 
author  states  that  Chiromya  represents  a  primary  division  of  the 
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Bnnotheria,  with  a  position  between  the  ProsimiiB  and  the  Tillodonta. 
There  are  probably  three  families  of  these  Eocene  Lemuraids,  but 
there  is  some  uncertainty  as  to  whether  the  allies  of  Adapts  belong 
to  this  or  to  the  preceding  group,  so  that  the  author  limits  his  de- 
scription to  the  Mixodeotidad  and  the  Anaptomorphidse. 

Mixodectes  is  only  known  from  mandibles,  so  that  some  uncer- 
tainty exists  as  to  its  systematic  position  as  well  as  its  dental  formula, 
and  the  anterior  teeth  may  be  incisor,  canine,  and  premolar,  or  the 
incisor  tooth  may  be  absent  Two  species  are  known.  CynodoU' 
tomys  is  also  founded  on  mandibles ;  and  Anaptomorphus  complete 
the  family.  The  latter  genus,  of  which  we  give  figures  of  the 
natural  size,  has  large  well-defined  orbits.  There  is  no  sagittal  crest, 
and  the  temporal  ridges  are  well  defined.  In  many  ways  the 
cranial  characters  approximate  towards  the  Lemur  Tarsius^  yet  the 
dental  formula  agrees  with  the  Indrisinaa,  but  no  known  Lemur  has 
premolar  teeth  with  similar  interior  lobes  and  cusps,  which  resemble 
those  of  the  higher  Monkeys  and  Man.  The  small  size  of  the  canines 
IS  quite  human.  The  cerebral  hemispheres  and  brain  are  not  smaller 
than  in  the  genus  Tarsius  or  in  typical  existing  Lemurs.  From  the 
way  in  which  quadrumanous  and  defiuite  lemuroid  characters  are 
combined,  the  author  suggests  that  this  type   may  represent  the 
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Anaptomorphut  amuim.    Left  mandible  twice  nat.  size. 

family  from  which  true  Monkeys  and  Men  were  developed.  The 
European  type  which  most  closely  resembles  this  is  j^ecrolemur; 
but  in  that  genus  the  two  inferior  premolars  have  but  one  root. 
Anaptomorphm  amulus  was  about  as  large  as  a  Marmoset  A.  homun- 
cidua  is  founded  on  the  cranium.  It  was  rather  smaller  than  Tarsius 
spectrum,  and  is  thought  to  have  been  nocturnal;  with  feeding 
habits  like  the  smaller  Lemurs  of  the  Malay  Islands  and  Madagascar. 
The  Creodonta  is  a  large  division  of  Mammals  with  the  scaphoid 
and  lunar  bones  separate,  narrow  cerebral  hemispheres  having  very 
large  and  exposed  olfactory  lobes ;  while  the  ankle  joint  is  generally 
not  trochlear.  The  separation  of  the  scaphoid  and  lunar  bones  in 
the  carpus  is  a  distinction  from  the  Camivora,  yet  the  articulation  of 
the  lower  jaw  with  the  squamosal  bone  is  transverse,  as  in  Carnivores. 
The  ilium  is  suggestive  of  the  Insectivora  and  Marsupials.  The 
femur  has  a  third  trochanter.     The  astragalus  articulated  with  the 
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cuboid  and  navioular  bones.  Tbere  were  five  toes  on  the  hind  feet, 
in  which  the  terminal  digito  are  compressed  and  sharp.  On  the 
whole,  in  the  limited  number  of  incisor  teeth  it  approaches  the  In- 
sectiTora ;  it  has  many  affinities  with  the  Prosimiad  and  some  affini- 
ties with  Lemurs,  and  is  more  distantly  connected  with  the  Carniyora. 
The  Creodonta  diflTered  from  the  Camivora  in  the  smaU  size  of  the 
limbs  as  compared  with  the  head.  Many  of  the  species  are  thought 
to  have  been  aquatic.  In  Europe  the  group  is  represented  by  such 
types  as  Arctocyon,  which  has  commonly  been  regarded  as  a  Marsu- 
pial. In  this  suborder  six  families  are  included,  comprising  about 
twenty-scTen  genera.  Among  these  genera  the  author  would  look 
for  the  ancestors  of  the  existing  Camivora.  The  genera  with  marked 
inner  cusps  and  tubercles  to  the  molar  teeth  are  nearest  to  the 
Marsupials.  The  genera  without  internal  tubercles  to  the  molars 
are  regarded  as  ancestors  of  the  HysanodontidsB ;  the  family  Miacidee 
are  the  forerunners  of  the  Dogs ;  and  the  family  Ozyaenidsa  were 
the  forerunners  of  the  Cats.  It  will  thus  be  seen  that  this  large 
group  is  worthy  of  careful  study.  The  genus  Ictop$  agrees  closely 
with  Dtdelphys;  but  there  are  only  three  upper  incisors,  and  the 
angle  of  the  mandible  is  not  inflected.  Peratherium  agrees  in  dental 
characters  with  Dtdflphys,  and  is  only  retained  until  the  complete 
dentition  is  known.  Tritsodon  is  characterized  by  the  simplicity  of 
the  fourth  inferior  premolar,  and  the  rudimentary  anterior  cusps 
of  the  molar  teeth ;  from  a  study  of  its  teeth  the  author  concludes 
that  the  posterior  milk  molar  of  Diphyodonts  is  a  permanent  tooth 
in  the  Marsupialia.  Four  species  exemplify  the  characters  of  this 
type.  Deltatherium  is  a  genus  which  has  in  the  lower  jaws  two 
tubercular  sectorial  teeth,  and  a  third  behind  them  with  a  long  heeL 
It  has  three  premolars  and  a  well-dcTeloped  canine.  The  dentition 
is  similar  to  that  of  the  Opossums.  Didelphodus  differs  from  BelUk' 
therium  in  having  an  additional  premolar  in  the  lower  jaw. 

StypolophuB  is  represented  by  ten  species.  8,  viverrtnus  is  about 
the  size  of  the  domestic  Gat  Its  skull  is  remarkable  for  the  lachrymal 
bone  not  extending  posterior  to  the  large  lachrymal  foramen.  The 
genus  is  found  in  the  Phosphorites  of  France,  but  the  author  does 
not  follow  Gaudry  in  uniting  it  with  Froviverra,  because  the  fourth 
upper  premolar  has  an  internal  cusp  and  an  external  cusp,  flanked 
in  front  and  behind  by  a  basal  heel. 

The  Miacidad  comprise  two  genera,  Miacis  and  Didymictis.  Mtaeta 
is  conspicuous  for  its  canine  characters,  among  which  marsupial 
affinities  are  said  to  be  no  more  prominent  than  in  the  case  of  other 
Creodonta ;  while  Didymictt$  makes  an  approximation  towards 
OxycBna  in  its  dentition.  It  is  well  represented  by  seven  species. 
The  OxysenidsB  comprise Pterodon,  ProtopsaltB  and  Oxyana.  Characters 
of  the  skull  are  suggestive  of  Cats,  but  the  head  was  larger  and  limbs 
smaller  than  in  true  Camivora,  and  they  rather  resemble  the  Car- 
nivorous Marsupials  in  proportions.  This  type  is  supposed  to  have 
been  aquatic.  JISiodanvB  comprises  about  eight  species,  known 
from  their  dentition,  which  affiliates  the  genus  to  Arctocyon ;  but  it 
is  distinguished  by  the  single  tubercle  on  the  inner  part  of  the  crown 
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of  the  upper  molars.  Enongh  of  the  skeleton  of  M,  ferox  is  known 
to  show  that  its  nearest  living  ally  is  probably  Thylaeynm  ;  but  it 
differs  from  Marsupials  in  having  a  patella.  It  is  about  as  large  as 
a  Sheep.  The  remaining  American  genera  of  Creodonts  are  Diaaacus, 
Sarcothrawtes  and  Mesonyx.  The  latter  genus  has  some  resemblance 
to  Hyanodon,  but  more  to  Amhlyctonua,  The  olaws  are  flat  like  those 
of  Seals ;  but  the  stracture  of  the  ankle  suggests  that  the  type  was 
not  exclusively  aquatia     Mesanyx  is  thought  to  have  lived  on  Turtles. 

M,  oaaifragus  was  as  large  as  a  large-sized  American  Black  Bear 
with  the  fore-limbs  much  shorter  than  the  hind-limbs,  giving  much 
the  aspect  of  a  huge  Babbit,  except  that  the  tail  was  long.  It  was 
one  of  the  largest  Eocene  flesh-eaters. 

In  this  review  we  have  attempted  to  give  some  idea  of  the  varied 
organization  comprised  in  the  Bunotheria.  The  conception  of  thia  f 
group  is  the  most  original  contribution  to  mammalian  classification  j 
which  has  been  made  for  a  long  time.  The  group  is  almost  as  diffi^ 
cult  to  realize,  as  would  be  a  conoeption  of  the  Marsnpialia,  if  Marsu- 
pials were  only  known  in  a  fossil  state.  Some  exception  may  be 
taken  to  the  term  order,  by  which  the  Bunotheria  is  indicated,  for 
the  group  is  rather  a  lower  division  of  the  placental  subclass ;  which 
the  author  would  compare  to  the  Marsnpialia  in  the  variety  of 
organization  it  includes,  while  he  believes  it  to  have  developed  r 
simultaneously  with  the  Marsupials,  or  even  to  have  been  an  older | 
group.  The  classification  has  necessarily  grown  out  of  the  affinities 
which  the  described  families  of  Mammals  have  with  each  other, 
rather  than  with  surviving  groups;  and  although  we  cannot  pro- 
nounce a  decided  conviction  on  the  importance  of  this  great  general- 
ization without  an  examination  of  the  specimens  on  which  it  is 
founded,  the  principles  on  which  it  is  evolved  are  sound.  K  we 
recognized  the  Oreodonta  and  other  groups  as  allied  to  existing  orders 
of  Mammals,  but  distinguished  by  their  smaller  brains,  and  less 
'  specialized  organization,  tiben  the  existence  of  the  Bunotheria  becomes 
not  only  a  oonvenience  in  classification,  but  a  generalization  which 
will  direct  research.  H.  G.  Sbeley. 

[To  be  continued.) 


n. — Catalogue  of  ths  Blastoibsa  in  thb  Gbolooioal  Dbpabt- 

HENT  OF  THE  BRITISH  MuSBTTM  (NATURAL  HiSTORT),  WITH  AN 
AOOOUNT  OF  THB  MORPHOLOOT  AND   StSTEMATIO  POSITION  OF  THB 

Group,  and  a  Bbvision  of  the  Genera  and  Species.  By 
KoBBRT  Ethbridge,  Jud.,  and  P.  Herbert  Carpenter,  D.Sa, 
F.R.S.,  F.L.S.  4to.  pp.  xiv.  and  322.  Illustrated  by  Twenty 
Lithographic  Plates  and  Twelve  Woodcuts.  (London,  1886, 
Printed  by  Order  of  the  Trustees.)     Price  25a. 

WE  know  not  whether  it  be  due  to  the  beneficial  effects  of  trans- 
plantation, but  thefe  has  certainly  been  a  steady  issue  of 
publications  in  connection  with  this  Department  since  its  removal,  in 
1880,  from  Great  Russell  Street,  Bloomsbury,  to  the  new  soil  of 
Oromwell  Boad. 
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A  penny  Guide  to  the  Geological  Ghilleriee  appeared  on  tbeir  re- 
opening to  the  public  on  19  April,  1881,  followed  by  an  illustrated 
edition  in  1882  (price  threepence);  a  third  followed  in  1884;  and 
a  fourth  edition  (price  fourpence)  in  1886.  Of  the  three  earlier 
editions  altogether  11,284  copies  have  been  told.  A  Guide  to  the 
Fossil  Fishes  appeared  in  1 885  (price  threepence).  A  Catalogue  of 
the  Fossil  Foraminifera,  by  Prof.  T.  Rupert  Jones,  F.R.S.  (8vo.), 
appeared  in  1882  (price  5«.).  A  Catalogue  of  the  Fossil  Sponges^ 
by  Dr.  G.  J.  Hinde,  F.G.S.,  4to.  with  38  plates  (price  30«.),  in  1884. 
A  Catalogue  of  the  Fossil  Mammalia  (8vo.),  Part  I.,  by  Richard 
Lydekker,  B.  A,  F.G.S.,  was  issued  in  1885  (price  5$.,  with  thirty- 
three  woodcuts) ;  Part  IL  also  in  1886  (price  6«.,  with  thirty-nine 
woodcuts)  ;  Part  III.  in  1886  (price  4f.,  with  thirty  woodcuts)  ; 
(Part  IV.  we  are  informed  is  now  passing  through  the  press).  A 
Catalogue  of  the  Palaeozoic  Plants  in  the  Geological  Department,  by 
Mr.  R.  Kidston,  F.G.S.  (8vo.  pp.  288,  price  5«.),  appeared  in  1886. 

The  present  work  was  commenced  by  its  authors  some  years  since, 
but  their  task  was  delayed  by  the  necessity  to  collect  materials  which 
might  serve  to  illustrate  in  detail  the  minute  structure  of  this  ourioua 
and  extinct  group  of  Echinodermata.  They  were  soon  fortunate  in 
obtaining  the  co-operation  of  Mr.  Charles  Wachsmuth,  of  Burlington, 
Iowa,  a  gentleman  who  has  devoted  some  twenty-five  years  to  the 
collection  of  Grinoidea  from  the  Carboniferous  rocks  of  North 
America,  and  who  has  also  published  several  important  memoirs  on 
these  organisms.  With  his  aid,  and  that  of  numerous  other  friends 
in  Europe  and  America,  the  authors  have  been  enabled  to  examine 
probably  the  largest  and  most  instructive  collection  of  these  organisms 
ever  brought  together,  thus  rendering  the  comprehension  of  their 
minute  anatomy  comparatively  easy,  and  giving  one  confidence  in  the 
interpretation  which  they  offer  of  each  detail  of  their  structure. 

With  regard  to  the  systematic  position  of  the  Blastoidba.,  one  of 
the  authors  (Dr.  P.  Herbert  Carpenter)  has  had  peculiar  advantages 
in  approaching  the  subject,  from  his  previous  studies  of  the  Crinoidea 
collected  by  the  ''  Challenger  "  expedition ;  whilst  both  authors  have 
long  and  patiently  studied  the  fossil  forms,  and  have  endeavoured 
by  the  examination  of  numerous  remains  and  by  the  preparation 
of  very  many  sections,  exhibiting  internal  structure,  accurately 
to  work  out  the  morphology  of  this  obscure  and  but  little  understood 
group. 

'J'he  position  of  the  Blastoidea  in  relation  to  the  rest  of  the 
Echinodermata  has  long  been  a  subject  of  grave  discussion  ;  but  the 
leading  authorities  are  now  agreed  in  giving  the  Blastoids  a  position 
as  a  group  equivalent  in  rank  to  the  Braohiate  Crinoids  and  the 
Cystids,  or  to  the  Urchins  and  Starfishes. 

Blastoids  with  stems  appear  to  be  extremely  rare,  although  there 
is  little  doubt  that  the  great  majority  were  stalked  forms.  Indeed 
the  authors  figure  several  examples  (see  plate  iii.  fig.  16;  pi.  v. 
^g,  25 ;  pi.  vi.  fig.  23 ;  and  pi.  xvi.  fig.  7)  showing  the  remains  of 
stems.  But  the  stem  in  Granatocrinus  is  of  moderate  size  compared 
to  the  diameter  of  the  fiat  basal  disc  of  which  it  occupies  the  centre. 

In  Pentremitidea,  Orojphocrinus,  CryptohloBtua,  and  TrooatocrinuB 
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the  basal  oup  is  elongated  and  tapers  elegantly  downwards  until  its 
narrow  lower  end  rests  directly  upon  the  first  stem-joint,  which  is 
sometimes  seen  still  united  to  the  base.  One  Pentremite  has  been 
obtained  by  Mr.  Wachsmuth,  in  which  the  stem  terminates  below 
in  a  branching  root  like  that  of  the  Bourgueticrinida :  whilst  three 
genera  of  Blastoids,  namely,  Pentephyllum,  Eleutherocrinvs,  and 
Aatrocrinns,  appear  to  have  had  no  stem  in  the  adult  state,  whatever  j 
may  have  been  the  case  during  their  early  life. 

The  following  definition  of  the  Pelmatozoa^  (under  which  name 
the  stalked  Eohinodermata  are  classed  by  the  authors)  will  probably 
give  the  leading  characters  of  this  difficult  group  more  clearly  than 
any  words  of  our  own  : — 

"Phylum  Eohinodermata,  Branch  Pelmatozoa.  Echinoderms 
which  are  fixed  either  permanently  or  temporarily  by  the  middle  of 
the  aboral  surface.  A  jointed  stem  containing  a  neuro*vascular  axis 
is  usually  present,  but  may  be  lost  when  maturity  is  reached ;  or,  in 
the  case  of  a  few  sessile  forms,  remain  altogether  undeveloped.  The 
apical  system  consists  of  a  dorsooentral  plate,  basals,  and  radials, 
with  the  frequent  addition  of  under-basals  and  interradials.  These 
plates  form  a  cup,  which  either  simply  supports,  or  more  or  less 
completely  encloses,  the  visceral  mass,  and  often  bears  jointed 
appendages — the  arms  and  pinnules. 

A.  B. 


Fio  1. — Diagram  of  Troo»toer%nus  Reinwardti,    A.  the  anal  side.    B.  the  sammit 
view.    The  radio-deltoid  sutures  are  shown  by  rather  darker  lines. 

"An  oral  system,  which  is  to  some  extent  a  repetition  of  the  apical 
system,  and  consists  of  a  central  plate,  basale,  radials,  and  inter- 
radials, is  developed  to  a  very  variable  extent  above  the  actinal  sur- 
face of  the  larva.  It  may  be  (1)  altogether  resorbed ;  (2)  persist  as 
basals  only  which  cover  the  peristome ;  or  (3)  reach  a  high  state  of 
development  so  as  to  form  a  complex  vault  or  legmen  calycis  covenng 
in  the  whole  visceral  mass.  The  anal  tube  opens  on  the  oral  surface, 
but  is  sometimes  in  close  relation  with  the  calyx-plates. 

"The  water- vascular  ring  does  not  communicate  directly  with  the 
exterior,  and  the  lateral  branches  of  the  radial  vessels  (when  present) 
are  respiratory,  but  not  locomotor  in  function." 

^  From  WA/io,  ycAfiarof ,  stalked,  and  C«oy>  animal. 
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"Class  Blastoidea. — Armless  Pelmatozoa  of  a  pyrifortn,  olavate, 
ovate,  or  globose  shape,  which  usually  exhibit  a  very  perfect  radial 
symmetry.  Base  monooyclio,  of  two  large  plates  and  one  small  one, 
the  latter  being  always  in  the  left  anterior  interradius,  Fig.  2.  IL  (A-B) . 
Five  radials,  more  or  less  deeply  incised  by  the  ambulacra,  and  five 
interradials  which  rest  on  them  and  bound  the  peristome,  one  of  them 
being  pierced  by  the  anus.   For  view  of  summit,  see  Fig.  l,B.p.421. 

Ambulacra  fringed  on  each  side  by  a  single  or  double  row  of 
jointed  appendages,  which  are  in  close  relation  to  the  side  plates. 
These  rest  on  or  against  a  subambulacral  lancet-plate,  which  is 
pierced  by  a  canal  that  lodged  the  water- vessel  and  unites  with  its 
fellows  into  a  circum-oral  ring. 

Hydrospires  arranged  in  ten  (or  rarely  eight)  groups  which  are 
limited  to  the  radial  and  interradial  plates  ;  their  slits  are  parallel 
to,  and  more  or  less  oompletely  ooncealed  by,  the  ambulacra,  often 
opening  externally  through  pores  at  their  sides,  and  also  by  five  or 
ten  openings  round  the  peristome.  Neither  hydrospires  nor  ambu- 
lacra extend  below  the  basiradial  suture. 

Peristome  naturally  concealed  by  a  vault  of  small  plates,  which 
rarely  exhibit  any  definite  arrangement,  and  are  continuous  with 
the  covering-plates  of  the  ambulacra." 

From  the  foregoing  definition  it  will  be  seen  that  the  Blastoids 
differ  in  certain  important  points  from  other  Pelmatozoa,  notably  ia 
the  perforation  of  the  lancet-plate,  "  of  which  we  have  as  yet  no 
knowledge  whatever  in  either  Crinoids  or  Cystids.  The  absence  of 
under-basal  plates  and  the  constant  presence  of  five  interradials 
(one  of  which  is  divided  in  Elaacrinus),  lastly  the  constant  but 
peculiar  trimerous  symmetry  of  the  base,  only  observed  in  theVare 
I.  II. 


Fio.  2.— Diagram  showing  the  arrangement  of  the  basals  in  I.  Piatyerinut,  and  II.  in 
the  Blastoids.  A,  B,  C,  Z),  £,  the  five  radii  of  the  calyx,  x,  tiie  small  azygos  basal, 
y,  «,  the  two  larger  basals.  rf  ....  <f,  the  dorsal  axis,  r  ...  r,  the  radial  axis, 
in  which  the  anus  is  situated.  The  arrows  show  the  (probable)  direction  of  thd 
spirally-coUed  digestive  tube. 
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Oystid,  CryptocrtnuB  eerasue,  and  posBibly  in  one  Cfinoid  {Stephano' 
crinua).  Many  PalsBocrinoids  have  a  trimerous  base,  but  according 
to  Wachsmuth  and  Springer  (**  Revision  of  the  Palaaocrinoidea," 
pt.  iii.  1885,  p.  10),  the  small  plate  is  always  in  the  right  anterior 
interradius  (A— E).     (See  Woodcut,  p.  422,  Fig.  2,  L) 

The  calyx  of  many  Blastoids  is  marked  by  very  well-defined 
ridges,  which  start  from  the  bottom  of  the  basal  cup  and  extend 
upwards  until  they  meet  the  radial  lips  at  the  distal  ends  of  the 
ambulacra.  The  general  arrangement  of  these  ridges  is  the  same  in 
all  Blastoids,  and  is  perhaps  best  studied  in  Stephanocrinus  in  which 
type  they  are  very  strongly  marked  (see  Woodcut,  Fig.  3,  infra). 


Fio.  8. — Diagram  to  show  the  position  of  the  ridges  (1-8)  on  the  three  hasals 
and  the  five  radials  (Ay  B,  C,  2>,  E)  of  HUphanoerinus  angulatut  (mooified  from  Boemer}. 
(The  lettering  of  the  plates  is  the  same  as  in  Fig.  2.) 

Lastly  we  may  notice  the  very  symmetrical  grouping  of  the 
hydrospires.  **  These  organs  occur  in  most  Cystids,  and  perhaps  even 
in  some  Crinoids,  but  we  know  of  no  member  of  either  group  in 
which  their  arrangement  is  at  all  like  that  which  occurs  in  the  Blastoids. 
In  this  class  they  are  restricted  to  the  radial  and  interradial  plates, 
where  they  lie  with  their  slits  parallel  to  the  ambulacra,  and  except 
in  the  genus  Codaaler,  there  are  always  five  interradial  pairs  of 
hydrospire-groups.  No  Cystid  whatever  presents  anything  like  this 
regular  distribution  of  the  hydrospires,  which  often  extend  down  on 
to  the  basals,  and  even  on  to  the  under-basals,  when  such  are  present.'' 

'*  Considered  as  a  whole,  the  Blastoids  have  the  most  regularly 
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constructed  calyx  of  any  Pelmatozoa,  and  in  fact  of  any  Ecbinoderms. 
Under-basals  may  occur  in  all  the  brachiate  forms,  while  the  basals 
of  Crinoids  may  vary  in  number  from  two  to  five,  and  the  develop- 
ment of  the  interradials  varies  extremely  among  the  different  groups." 
(p.  119.) 

There  is  a  persistent  number  of  thirteen  plates  in  the  Blastoids, 
with  the  single  exception  of  El^aerinu$,  which  has  the  posterior 
deltoid  divided  into  two  by  the  anal  plate  ;  and  with  the  exception 
of  three  genera,  Eleutherocrinui,  Aalrocrinus,  and  Fentephyllumj  the 
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contour  of  the  calyx  is  always  perfectly  symmetrical,  consisting  as 
it  does  of  five  equal  and  similar  radials,  and  five  deltoids  of  the 
same  nature* 

The  foregoing  table  (from  p.  136)  is  extremely  valuable  as 
showing  the  Distribution  of  the  Genera  of  the  Blastoidea  in  Space 
and  Time.  We  have  added  a  column  with  the  probable  number 
of  species  referred  to  each  genus. 

From  the  foregoing  list,  it  will  be  seen  that  only  two  (American) 
generic  forms,  Troosiocrinus  and  Codaster,  occur  in  the  Upper 
Silurian,  about  six  or  seven  genera  in  the  Devonian ;  whilst  the  great 
majority  occur  in  the  Carboniferous  series  both  in  England  and  in 
America. 

A  careful  description  of  each  species  is  given  by  the  authors, 
illustrated  by  twenty  quarto  plates  and  399  figures,  most  beautifully 
and  accurately  drawn  by  Messrs.  C.  Beijeau  and  P.  Highley,  re- 
quiring not  only  great  artistic  power,  but  a  large  store  of  patience 
in  making  out  such  minute  and  very  elaborate  details. 

All  Biologists  who  are  interested  in  the  £ohinodermata  must  feel 
grateful  to  ihe  authors  of  this  very  elaborate  and  exhaustive  Memoir, 
which  clears  up  so  many  points  in  the  anatomy  of  this  ancient  class^ 
that  has  hitherto  been  but  very  imperfectly  understood. 

We  trust  they  may  be  so  well  satisfied  at  the  favourable  reception 
which  this  volume  is  sure  to  meet  with,  that  they  will  take  up  and 
work  out  in  the  same  earnest  and  painstaking  manner  the  still  more 
important  and  interesting  Brachiate  division,  which  has  remained 
far  too  long  neglected  by  palaeontologists. 


III. — Catalogue  op  the  Fossil  Mammalia  nr  the  Bbitish  Museum 
(Natubal  History),  Cbomwbll  Boad,  S.W.  Part  111.'  Con- 
taining   THE    order    UnGULATA,     SUB-ORDERS    PbRISSODACTYLA, 

ToxoDONTiA,  Condylarthra  AND  Amblypoda.  By  R.  Lydekker, 
B.A ,  F.G.S.,  etc.  8vo.  pp.  xvi.  &  186.  (London,  1886,  printed 
by  Order  of  the  Trustees.) 

THE  present  part  of  Mr.  Lydekker's  Catalogue  of  the  Fossil  Mam- 
malia completes  the  order  Unoulata  with  the  exception  of  a 
single  group,  the  Proboscidea.  This  group,  it  is  announced,  will 
form  Part  IV.  of  the  Catalogue,  which  is  now  in  the  press.  Although 
embracing  only  a  small  section  of  the  Mammalia,  this  part  is  of 
special  interest  to  the  palseontologist ;  for  out  of  the  eighty  species 
recorded  in  its  pages,  all  are  extinct  save  four,  namely,  Tapirus 
Americamu,  Equus  caballua,  Bhinoceros  sondaicus  and  Bh.  unicomia. 
Furthermore,  of  the  seventy-eight  extinct  species,  no  fewer  than 
thirty-two  species,  belonging  to  as  many  as  twelve  genera,  date  back 
to  the  Eocene  Tertiary  formation,  namely,  Zophiodon  (5  species) ; 
Hyracoiherium  (3  species) ;  Pachynolophvs  (4  species) ;  Falaotherium 
(8  species)  ;  Anchilophus  (2  species) ;  Rhinoceros  (2  species) ;  CaduT' 
coiherium  (1  species);  Feriptychus  (1  species);  Eaploconus  (1  species); 

1  Fart  II.  WM  noticed  in  the  Gbolooioal  Maoaxinb,  April,  1886,  pp.  175-177. 
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€oryp7u>don  (1  species) ;  Tinoeeras  (2  species) ;  and  Dinoeeraa  (2 
species) — represented  in  the  collection. 

The  genus  Lopkiodan  nearly  approaches  the  Tapir  and  Rhinoceros 
in  the  structure  of  its  teeth.  Like  the  Tapir  the  lower  true  molars 
have  simple  transverse  ridges,  but  the  premolars  are  more  or  less 
longitudinally  tuberculated,  and  in  this  respect  it  di£fers  from  its 
near  ally,  the  Palaotherium,  in  which  the  whole  series  of  the  lower 
molars  are  longitudinally  bi-crescentic  in  form.  It  had  also,  like  the 
Tapir,  which  it  preceded  in  geological  time,  four  toes  on  the  fore-feet 
and  three  on  the  hind-feet 

Many  species  are  enumerated,  ranging  in  size  from  the  Pig  to  the 
Bhinoceros.  Their  remains  have  been  met  with  in  several  localities 
in  Europe,  and  also  in  this  country,  in  Eocene  Tertiary  strata. 

Its  dentition  may  be  expressed  as  follows  :— 

Incisors  f,  canines  i,  premolars  f,  molars  f,  x  2  =  40. 

Hyraeotherium  was  a  small  animal,  about  the  size  of  a  Hare, 
principally  known  in  a  fossil  state  by  its  dentition.  Its  remains  are 
comparatively  rare  and  have  been  found  in  the  Lower  Eocene 
(Loudon  Olay),  Heme  Bay;  at  Eyson  in  Suffolk;  and  also  as  a 
derived  fossil  from  an  older  deposit  in  the  Suffolk  Crag. 

Fachynolophus  is  an  allied  genus  of  small  animals,  whose  remains 
are  only  found  in  Eocene  deposits.  Four  species  are  represented  in 
the  collection  by  teeth  and  jaws  from  France  and  Switzerland.  The 
dentition  is  eomphU^  viz. : — 

Incisors  f ,  canines  1,  premolars  i,  molars  f  x  2  =  44 

Palaotherium  is  well  represented  in  the  collection.  It  was  a  Tapir- 
like animal,  first  described  by  Cuvier,  from  skulls,  teeth  and  bones, 
of  numerous  individuals,  representing  several  species,  which  were 
discovered  in  the  Oypsum  quarries  (Upper  Eocene)  of  Montmartre, 
Paris. 

PdUBotherium  magnum  was  as  large  as  a  Horse,  four  or  five  feet  in 
height ;  whilst  P.  curium  was  about  the  size  of  a  Hog.  They  all  had 
a  short  fleshy  snout  or  proboscis,  like  the  Tapir ;  but,  unlike  the 
Tapir,  they  had  only  three  toes  on  each  foot,  whilst  the  Tapir  had 
four  toes  on  the  fore-foot. 

Mr.  Lydekker  (following  Prof.  Flower)  treats  Paloplothertum  as 
identical  with  Palaotherium,  P.  annecten$  was  about  the  size  of  a 
Sheep  and  is  well  r^resented  in  the  collection  from  the  Upper 
Eocene  of  Hordwell,  Hants,  and  from  Vaucluse  in  France. 

Anchilophus,  a  small  Pala^otheroid,  is  represented  by  jaws  and  teeth 
from  the  Upper  Eocene  at  Bembridge,  Isle  of  Wight,  and  from 
Yauduse  and  Cayluz  in  France. 

The  Bhinoceroses  are  now  all  placed  in  a  single  genus,  which 
includes  five  or  six  known  living  species.  No  fewer  than  twenty-four 
species  are  represented  by  fossil  remains  in  the  collection,  mostly 
from  Pleistocene,  Pliocene  or  Miocene  Tertiary  deposits;  but  two 
forms,  Bh.  croizeti  and  Bh.  lemanensii,  occur  in  the  Upper  Eocene 
phosphorites  of  France,  thus  carrying  this  remarkable  living  genus 
back  in  time  to  the  older  Tertiaries.    Four  other  genera,  of  which  at 
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present  we  possess  only  imperfect  materials  for  study,  are  provision- 
ally referred  to  the  family  Bhtnocerotiday  namely  :  B.yracodo%  Cadur* 
cotheriumf  Momalodontotherium  and  Elasmotherium,  Of  these  four 
genera,  one  only  ( Cadureoiherium)  dates  back  to  the  Eocene  period. 

PeriptychusMxdMaploconua  are  both  Lower  Eocene  genera  from  New 
Mexico  in  North  America.  They  are  characterized  by  the  grooved 
and  ridged  sculpture  of  the  teeth.  They  form  a  part  of  the  sub* 
order  Condtlarthba.,  in  which  are  placed  a  number  of  those  primi- 
tive Mammals  having  a  bunodont  or  lophodont  type  of  cheek- 
dentition,  foreshadowing  both  the  Artiodactyla  and  Perissodactyla ; 
there  are  usually  five  digits  in  both  the  manus  and  pes,  the  terminal 
phalangeals  being  acuminate.  The  best-preserved  example  of  the 
family  is  the  genus  Phenacodu$^  of  which  a  figure  was  given  in  the 
Geological  Magazinb  for  February,  1886  (Plate  11.  p.  49). 

TJuder  the  suborder  Amblypoda  is  placed  the  remains  of  the 
genus  Coryphodon,  from  the  Lower  Eocene  of  Harwich,  Essex,  and 
from  Dulwich,  near  London.  It  also  occurs  in  the  Eocene  of  France 
and  North  America. 

Coryphodon  was  the  largest  of  the  early  Eocene  Ungulates,  and  the 
relative  smallness  of  its  brain,  together  with  its  five-toed  feet,  which 
resemble  in  structure  those  of  the  Dinocerata,  indicate  some  affinity 
to  that  group,  which  it  also  preceded. 

The  section  Dinocerata  is  included  in  the  same  suborder,  and 
completes  the  series  of  Eocene  Mammals  represented  in  the  collection. 

We  are  indebted  for  our  very  perfect  knowledge  of  the  genera 
TinoceraB  and  Dinoceras  to  Professor  0.  0.  Marsh,  whose  labours  in 
exploring  the  Eocene  Tertiary  deposits  of  the  Wyoming  Territory 
have  opened  up  an  entirely  new  chapter  in  Tertiary  paliBontology. 

For  a  full  account,  with  figures,  of  these  interesting  genera,  see 
the  Geologioal  Magazine  for  May,  1885,  Decade  III.  Vol.  II.  pp. 
212-228  (with  18  Woodcuts). 

The  fore  and  hind  limbs  had  feet  with  five  well-developed  toes, 
each  terminating  in  a  hoof;  the  femur  and  tibia  were  placed 
vertically  in  a  line,  as  in  the  hind-leg  of  the  Elephant  The  nasal 
bones  were  elongated,  having  two  small  pre-nasal  bones  in  front  of 
them ;  the  aninud  does  not  appear  to  have  been  furnished  with  a 
proboscis. 

The  most  striking  feature  is  the  skull,  which  is  surmounted  by 
three  pairs  of  rounded  protuberances  or  horn-cores,  which  were  pro- 
bably enveloped  in  horny  sheaths.  There  are  no  upper  incisors, 
but  the  upper  canines  are  developed  into  large  and  poweri'ul  flattened 
tusks,  directed  downwards,  and  protected  on  each  side  by  the  broadly* 
expanded  margin  of  the  lower  jaw. 

These  early  Eocene  types  have  so  important  a  bearing  upon  the 
question  of  the  derivation  of  our  existing  Mammalian  fauna,  that  we 
cannot  but  welcome  every  addition  to  our  knowledge  concerning 
them,  and  we  have  to  thank  Mr.  Lydekker  for  this  further  instal* 
ment  of  his  Catalogue,  and  to  express  the  hope  that  we  may  soon 
have  it  before  us  in  its  completed  form. 
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IV. — British  Musbum  Guide  to  thb  Dbpabtmekt  of  Geology 
AND  PaLuZbontoloot.  4th  Edition.  (1886,  Printed  by  Order 
of  the  Trustees.) 

IN  this  neat  little  volume  (which  contains  117  pages  of  text  and 
49  excellent  woodcuts)  the  amateur  palsdontologist  can  obtain 
for  the  small  consideration  of  fonrpence  a  concise  synopsis  of  the 
chief  divisions  of  the  Animal  Kingdom.  The  greater  portion  of  the 
book,  which  has  been  written  by  Dr.  Henry  Woodward,  F.R.S., 
Keeper  of  the  Department,  with  the  aid  of  his  valuable  Assistant  the 
veteran  Mr.  William  Davies,  F.G.S.,  of  the  same  Department,  is 
devoted  to  the  Yertebrata,  and  since  the  Fossil  Fishes  have  been 
treated  of  in  a  separate  'Guide,'  attention  is  mainly  concentrated  on  the 
Mammalia,  Aves,  and  Beptilia ;  the  Amphibia  coming  in  for  a  more 
limited  notice.  The  Mammalia  are  divided  into  the  following  12 
orders : — Primates,  Camivora,  Insectivora,  Chiroptera,  Derraoptera 
(Qaleopithecus),  Rodentia,  Ungulata,  Sirenia,  Cetacea,  Edentata, 
Marsupial ia,  and  Monotremata.  By  far  the  largest  space  is  assigned 
to  the  Ungulata,  which  is  split  up  into  the  Proboscidea,  of  which  the 
Museum  contains  the  finest  collection  in  the  world ;  the  Hyracoidea, 
at  present  unknown  in  the  fossil  state ;  the  Amblypoda,  containing 
the  Coryphodon ;  the  Dinoeerata,  represented  by  a  fine  series  of  casts 
presented  by  Prof.  0.  C.  Marsh  ;  the  Condylarthra,  a  primitive  group 
of  five-toed  forms  from  the  Eocene  of  N.  America ;  the  Toxodoniia, 
which  includes  the  peculiar  Bodent-like  Typotherium  of  S.  America ; 
the  Perissodactyla ;  and  the  Artiodactyla.  We  may  especially  notice 
in  this  order  the  excellent  figures  illustrating  the  difference  in  the 
structure  of  the  molars  of  the  African  and  Indian  Elephants,  and 
also  those  showing  the  characteristic  dentition  of  the  existing  Hippo* 
poiamue  and  of  the  extinct  species  from  the  Siwalik  Hills  of  India. 
A  special  feature  in  the  Ungulate  collection  is  the  series  of  skulls  of 
the  peculiar  group  of  ruminants  from  the  Pliocene  of  India  and 
Greece,  comprising  the  Sivatherium,  Bramatheritmf  Hydaspitherium, 
and  Helladoiherium,  which  appear  to  connect  the  modern  Deer  with 
tlie  Antelopes,  and  are  more  or  lees  closely  related  to  the  existing 
Giraffe,  llie  Museum  possesses  the  type  skull  of  the  first-named 
genus,  while  of  the  second  and  third  genera  oasts  of  the  skulls  have 
been  respectively  procured  through  the  courtesy  of  the  Council  of  the 
Royal  College  of  Surgeons  and  the  Director  of  the  Geological 
Survey  of  India.  Full  justice  is  also  done  in  the  work  to  the  splendid 
collection  of  Edentata  from  the  Post-Tertiaries  of  South  America, 
and  of  Marsupials  from  those  of  Australia;  and  we  are  glad  to 
notice  a  good  figure  of  Sir  B.  Owen's  Tritylodon  from  the  Secondary 
strata  of  South  Africa,  for  which  we  believe  Dr.  Woodward  is  in- 
debted to  the  courtesy  of  Prof.  E.  D.  Cope,  of  Philadelphia.  The 
remarkably  fine  skeleton  of  Steller's  Sea-Cow  (Rkyiina),  which  was 
recently  acquired  for  the  Museum,  is  also  figured,  and  compared  with 
that  of  the  existing  Manate.  Seven  pages  are  devoted  to  the  class 
Aves,  and  include  figures  of  ArchaopteryXy  HesperomiSy  Odontopteryx, 
and  Dinomis,  Save  in  the  table  of  contents,  no  mention  is,  indeed, 
made  of  the  subdivisions  of  the  class,  and  this  is  perhaps   wise. 
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since  it  is  very  difficult  to  make  its  divisions  accord  in  importance 
with  those  of  the  other  vertebrate  classes ;  we  think,  however, 
that  it  will  be  advisable  eventually  to  rank  the  divisions  of 
Carinatse,  RatitsB,  and  SaurursB  as  orders,  and  to  relegate  to  the 
rank  of  suborders  the  so-called  orders  into  which  the  Carinatse  are 
divided  by  students  who  confine  their  attention  to  existing  forms. 

Pages  70  to  87  are  assigned  to  the  Reptilia,  and  we  note  with 
satisfaction  the  classification  which  has  been  adopted  in  this  difficult 
class,  as  being  one  of  the  best  that  has  come  under  our  observation. 
The  orders  adopted  are  the  Pterosauria,  Crocodilia,  Dinosauria, 
Anomodontia,  Ichthyosauria,  Ophidia,  Lacertilia,  Plesiosauria,  and 
Chelonia.  The  divisions  of  the  second  order  proposed  by  Prof. 
Marsh  are  adopted  with  a  subordinal  value  ;  while  the  Anomodontia 
includes  the  Theriodontia,  Dicynodontia,  Rhynchocephalia,  Crypto- 
dontia,  Endothiodontia,  and  Placodontia.  According  to  this  arrange- 
ment it  will  be  necessary  to  retain  Prof.  Dollo's  group  of  the  Sima9- 
dosauria  for  Champsosaurus,  since  that  genus  seems  more  distinct 
than  Endothiodon  from  the  typical  Rhynchocephalia ;  we  should,  how- 
ever, have  preferred  to  have  placed  the  last-named  genus  in  closer 
proximity  to  that  suborder.  In  the  Lacertilia  the  Moaasaurida  are 
ranked  merely  as  a  family,  which  avoids  the  necessity  of  the  intro- 
duction of  Prof.  Cope's  Pythonomorpha.  In  this  class  there  are 
figures  of  RhamphorhynchuSj  Pterodactylus,  Dimorphodon,  Iguanodon, 
Megalosaurus,  lehthyoitaurm,  Pleeiosaurtui,  Megalania,  and  Chelone. 


Skeleton  of  Iguanodon  B^rnUnar tennis,  Boolanger  (restored  after  Dollo)  from  the 
specimen  in  the  Brussels  Museum. 

The  Invertebrates  occupy  pp.  92-107,  but  as  the  notice  of  these 
classes  is  necessarily  brief,  we  need  not  refer  further  to  them  on  this 
occasion.     The  last  page  of  the  text  mentions  the  extensive  collection 
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of  Fossil  Plants,  which  is  not  yet  arranged ;  and  also  calls  attention  to 
the^Taluable  series  of  type  collections  now  in  oourse  of  airangement. 
Since  the  latter  includes  the  collections  of  Dr.  William  Smith,  Mr. 
S.iV.  Wood,  J.  and  J.  de  Carle  Sowerby,  Mr.  F.  E.  Edwards,  and 
Dr.  Thos.  Davidson,  their  interest  to  all  palaaontologists  most  be 
of  the  greatest.  The  volume  concludes  with  an  excellent  plan  of 
the  Palssontological  Qalleries  and  a  well-arranged  Index. 

With  the  publication  of  this  series  of  popular  "  Guides  "  for  the 
nonscientific,  and  of  the  '*  Catalogues  "  for  the  scientist,  the  British 
Museum  is  rendering  its  unrivalled  collections  of  the  best  possible 
advantage  to  all  classes  of  visitors ;  and  we  beg  to  offer  our  hearty 
congratulations  to  Dr.  Woodward  and  his  able  coadjutors  on  the 
successful  completion  of  the  present  "  Guide "  to  one  of  the  most 
interesting  branches  of  the  whole  collection. 


ZOOLOGIOAL  SOOIBTT  OF  LONDON. 

June  29th,  1886.— Osbert  Salvin,  Esq.,  F.E.S.,  V.Pres.,  in  the 
chair. — ^The  following  communication  was  read : — 

"  Note  on  the  Presence  of  a  Columella  (Epipterygoid,  Parker)  in 
the  skull  of  IchthyosauruB,**  by  A.  Smith  Woodward,  F.G.S.  Com- 
municated by  the  President. 

In  this  paper,  the  author  recorded  the  presence  of  a  **  columella  '* 
(epipterygoid)  in  the  skulls  of  several  Liassic  Ichthyosaurs  in  the 
British  Museum,  and  offered  a  brief  account  of  the  main  features  of 
the  bone.  The  communication  was  suggested  by  Sir  Bichard  Owen's 
statement  ("  FoSs.  Kept.  Lias  Form."  p.  96)  that  he  had  observed  no 
trace  of  the  element  in  question  in  the  British  fossils ;  and  the  fact 
became  still  more  worthy  of  note,  since  Prof.  Cope  (Proc.  Amer. 
Assoc.  Adv.  Sci.,  vol.  xix.  p.  200)  had  already  determined  the  pre- 
sence of  a  columella  in  the  skull  of  an  American  Ichthyosaur,  and 
this  circumstance  was  evidently  overlooked  by  Sir  Bichard  Owen. 
As  pointed  out  by  Prof.  Cope,  the  bone  is  long  and  slender,  with 
expanded  extremities ;  and  in  ^e  present  communication  the  author 
showed  that  it  was  a  distinct  element,  although  a  suture  at  its  upper 
end  in  the  American  specimen  appeared  to  be  wanting.  It  was 
further  remarked  that  the  lower  extremity  of  the  Ichthyosaurian 
columella  exhibits  a  striking  resemblance  to  its  homologue  in  Sphe* 
nodon,  in  the  fact  that  the  expansion  shows  two  distinct  articular 
facettes  upon  its  inner  aspect  as  is  well  seen  in  the  specimen  figured 
in  Hawkins'  "  Book  of  the  Great  Sea-Dragons,"  pi.  19,  fig.  1.  In 
the  living  Khynchocephalian  genus,  the  articulation  is  contracted 
both  with  the  pterygoid  and  an  inward  extension  of  the  quadrate ; 
in  IchthyoBaurus,  however,  its  nature  cannot  yet  be  determined,  and, 
according  to  Prof.  Seeley,  there  is  no  inwardly-directed  process  of 
the  last-named  bone. 

Ebbatttm. — Gbol.  Mao.  August,  1886,  p.  341,  legend  to  woodcut,  for  "  Interior,*' 
read  Exterior. 
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ON  THE  TERM  NEOCOMIAN. 

Sib, — ^When  my  article  on  the  use  of  the  term  Neocomian 
appeared  in  this  Maqazike,  I  felt  conscions  that  I  had  provoked 
a  formidable  antagonist,  and  when  I  saw  Prof.  Jadd's  long  letter  in 
the  July  Number,  I  felt  like  the  captain  of  a  frigate  about  to  receive 
the  broadside  of  a  three-decker ;  but  it  seems  to  me  that  the  utmost 
damage  I  have  received  is  a  few  shot  through  my  sails,  and  that  the 
hull  of  my  little  vessel  is  left  perfectly  water-tight. 

A  large  part  of  Prof.  Judd's  letter  is  devoted  to  showing  that  I  was 
mistaken  in  crediting  him  with  being  the  first  to  apply  the  term 
Neocomian  to  British  strata,  and  he  says  that  the  author  who  had  the 
chief  honour  (as  he  esteems  it)  of  introducing  that  term  was  the  late 
Mr.  B.  A.  God  win- Austen.  Well,  this  is  perfectly  true.  I  admit  that 
Godwin-Aust.en  was  the  first  to  use  the  term  ;  in  1843  he  employed 
it  for  what  we  now  call  the  Atherfield  Clay  of  Surrey,  and  in  1856 
he  speaks  of  the  "  Lower  Greensand  or  Neocomian  group ; "  but  in 
the  first  paper  (Proc.  Geol.  Soc.  vol.  iv.)  he  correlated  the  Surrey 
clay  with  the  argile  osMenne  of  the  Vassy  section,  and  in  the 
second  he  makes  the  Lower  Greensand  of  North  Wilts  correspond 
with  the  Urgonien  of  D^Orbigny.  Now  subsequent  researches  proved 
these  correlations  to  be  erroneous.  Benevier  and  Marcou,  writing  in 
1856  and  1858,  showed  that  the  English  Lower  Greensand  was  not 
the  equivalent  of  the  Neoeomien  or  of  the  Urgonien^  but  of  the 
HhodaiUen  and  Aptien ;  consequently  the  use  of  the  term  in  England^ 
having  originated  in  a  mistake,  ought  to  have  been  abandoned. 

So  indeed  it  might  have  been  but  for  the  intervention  of  Prol 
Judd,  who  is  certainly  responsible  for  its  revival  in  1864,  and  for 
urging  its  more  extended  application  in  1870.  His  article  **  On  the 
use  of  the  term  Neocomian "  (Geol.  Mag.  Vol.  VII.  p.  220)  was 
written  with  the  special  object  of  recommending  the  adoption  of  the 
term  for  the  whole  series  of  beds  between  the  Gault  and  the 
Jurassic  strata,  and  of  raising  this  series  to  the  rank  of  an  in- 
dependent system.  I  maintain  therefore  that  if  Prof.  Judd  had  not 
introduced  this  name  for  the  second  time,  it  is  highly  probable  that 
it  would  never  have  found  a  place  in  British  nomenclature. 

Prof.  Judd  next  refers  to  Godwin-Austen's  arguments  for  the 
Necomian  age  of  the  Lower  Greensand  fossils.  I  repeat  that  by  the 
increase  of  our  knowledge  these  arguments  have  been  shown 
to  be  fallacious;  of  course  the  fossils  of  the  Lower  Greensand 
resemble  those  of  the  Urgonien  more  than  those  of  the  Gault 
and  Chalk  I  if  it  were  otherwise,  we  should  class  the  Lower  Green- 
sand with  the  Upper  and  not  with  the  Lower  Cretaceous  rocks. 
If  Prof.  Judd  cannot  formulate  a  better  reply  to  the  arguments 
adduced  by  me  on  p.  318  of  this  Magaziks^  I  think  I  may  look  upon 
my  case  as  proved. 

I  am  told  that  "scientific  names  go  through  a  struggle  for 
existence/'  and  that  the  fittest  survive ;  maybe  they  do,  but  in  my 
opinion  the  name  Neocomian  is  not  yet  out  of  the  struggle,  and  has 
not  yet  definitely  found  its  proper  place.    Surely,  Sir,  geology  is  a 
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rapidly  progressive  scienoe,  and  our  nomenclature  is  always  under- 
going modification;  old  names  must  sometimes  be  limited  or  dropped, 
and  new  names  must  be  created  as  the  progress  of  knowledge 
demands.  Why  in  point  of  fact  Prof.  Judd  and  I  are  actually  dis- 
cussing the  desirability  of  dropping  an  old  name  (Lower  Greensand), 
and  of  finding  another  to  take  its  place;  he  prefers  to  borrow  a 
foreign  term  and  to  extend  its  application ;  I  point  out  the  objections 
to  this  plan  and  prefer  to  use  a  new  name  altogether.  Let  us  argue 
the  matter  clearly  and  fairly,  and  then  leave  the  readers  of  this 
Maoazinie  to  decide  between  us,  but  I  do  not  see  why  my  opponent 
should  deprecate  the  idea  of  my  ''  formulating  a  new  nomenclatiure  " 
for  the  Cretaceous  rocks  either  in  my  private  or  official  capacity. 

Lastly,  let  me  offer  Prof  Judd  my  hearty  thanks  for  drawing  my 
attention  to  the  passage  which  he  quotes  from  Dr.  Fitton,  and  which 
I  had  been  careless  enough  to  overlook.  I  am  delighted  to  find  my- 
self anticipated  by  so  great  a  master  as  Fitton,  and  to  be  relieved  of 
the  responsibility  of  introducing  a  new  name ;  it  is  remarkable  that 
Fitton  should  have  foreseen  the  very  want  which  has  since  arisen 
and  I  feel  that  I  shall  have  a  much  stronger  case  in  referring  to  the 
terra  Veciine  or  VecUan  as  his  proposal,  suggested  in  1845,  and 
revived  by  myself  in  1886.  A.  J.  Jukbs-Beownb. 

Auffuit  10. 

ON  A  REMARKABLE  SECTION  IN  DERBYSHIRE. 
Sir, — During  the  meeting  of  the  Warwickshire  Field  Club  at 
Matlock,  we  visited  a  remarkable  sandpit  at  Longcliff,  four  miles  S.  W. 
of  Matlock  Bath,  on  high  ground  near  Brassington.  Our  attention 
was  drawn  to  this  by  Mr.  Howe,  of  Matlock,  as  one  of  the  most 
interesting  geological  features  of  the  district  The  section  exhibits 
a  series  of  variegated  and  highly  coloured  sands  and  clays,  here  and 
there  containing  a  few  pebbles  of  small  size,  chiefly  of  white  quartz 
and  in  places  lignite.  These  are  not  pebble-beds  at  all  resembling 
the  ordinary  *  Bunter  pebble  beds,'  nor  do  I  remember  any  Bunter 
section  showing  such  a  peculiar  succession  of  variegated  sands  and 
clays.  They  lie  in  a  trough  or  hollow  of  the  Carboniferous  Lime- 
stone, and  there  are  several  other  smaller  pits  in  the  same  neighbour- 
hood and  under  similar  conditions,  though  not  sunk  at  present  to 
any  great  depth ;  at  Longcliff  the  total  thickness  is  thirty  feet.  The 
sands  and  clays  are  of  various  colours,  yellow,  white  and  red,  and  in 
some  cases  a  dark  vermilion,  giving  a  very  remarkable  appearance 
to  the  section.  Lithologically  they  resemble  the  variegated  sands 
and  marls  in  the  Tertiary  (Middle  Bagshot)  series,  especially 
at  Alum  Bay  in  the  Isle  of  Wight ;  and  the  question  its  whether  they 
should  be  assigned  to  the  Bunter  or  the  Tertiary,  and  if  they  should 
prove  to  belong  to  the  later  period,  I  believe  it  is  the  first  remnant 
of  the  kind  recognized  in  Derbyshire.  The  oocurrence  of  lignite 
leads  to  the  possibility  of  this  deposit  being  of  Tertiary  age :  but  of 
course  no  absolute  decision  can  be  given  without  further  investigation, 
which  Mr.  Howe  has  promised  to  undertake.  This  pit  was  opened 
after  the  visit  of  the  Geological  Survey  to  Derbyshire,  so  that  the 
section  was  not  exposed  at  that  time.  P.  B.  Bbodix. 
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L — On  some  Fbinqed  and  otheb  Ostbaooda  peom"' 

IFEB0U8  SeBIBS. 

By  Prof.  T.  Bupbrt  Jonbs,  F.R.S.,  and  Jambb  "W.  Kibkbt,  Esq. 

(PLATES  1  XL  akdXII.) 

ATEAB  or  two  ago  we  received  from  Mr.  James  Bennie,  of  the 
Scottish  Geological  Survey,  a  washing  of  Lower-Oarboniferoas 
shale  from  Plashetts,  Northumberland,  which  was  very  rich  in  the 
remains  of  Ostracods.  Among  other  species  occurring  therein  was 
a  BeyrichiaA\k^  form,  ribbed  as  in  Kirkbya,  and  with  a  wide  fringe 
about  the  free  margins  of  each  valve. 

About  the  same  time  Mr.  Bennie  kindly  sent  us  another  washing 
from  the  Lower-Carboniferous  series,  Staneshiel  Bum,  Roxburgh- 
shire, containing  numerous  examples  of  similar  fringed  and  ribbed 
carapaces. 

Since  then  the  same  or  nearly  allied  forms  have  been  found  by  us 
in  material  from  other  localities,  chiefly  in  the  lower  portion  of  the 
Carboniferous  formation. 

These  forms,  though  evidently  coming  near  to  Beyrichia  and 
Kirkhya,  can  scarcely  be  placed  in  either  genus,  and  we  propose  to 
group  them  under  the  generic  name  of  Beyrichiopsis, 

With  them  we  also  place  a  fringed  species  (PI.  XL  Fig.  7)  that 
seveTal  years  ago  we  found  in  an  impure  limestone  or  cement-stone 
of  the  Calciferous  Sandstone,  at  Billow  Ness,  in  Fife.  This  species 
has  been  referred  to  by  us  as  identical  with  or  nearly  allied  to 
Beyrichia  crtnt^a,  J.  and  E.,  in  recent  papers ;  *  and  it  is  evidently 
the  same  as  one  of  the  forms  from  Plashetts,  though  in  a  different 
state  of  preservation. 

Lastly,  we  include  B,  crinita  in  the  new  genus,  for,  though  as  yet 
but  imperfectly  known,  it  is  a  fringed  species,  and  thus  nearest  to 
the  forms  under  notice. 

Beyrichia  radiata,  J.  and  E.,  which  has  a  curious  marginal  expan- 
sion or  plate,  somewhat  akin  to  the  fringes  of  the  present  species, 
we  scarcely  know  what  to  do  with,  though  we  leave  it  in  Beyrichia. 

The  following  is  a  brief  and  provisional  description  of  the  genus. 

^  These  Plates  have  been  drawn  with  the  aid  of  a  grant  from  the  Boyal  Society 
for  miustrating  foseil  Ostracoda. 

*  Quart.  Joum.  Geol.  Soc.  toI.  zzztL  1880,  p.  667 ;  and  Proo.  Berwickshire 
Nat  Clnb,  toI.  z.  1884,  p.  328. 
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Betriohiopbis,  gen.  nov. 

Carapaoe-yalves  outlined  and  lobed  more  or  less  after  the  fashion 
of  Beyrichia  ;  either  unisulcate,  with  two  roundish  separate  lobes,  or 
with  one  subeentral  and  more  prononnoed  lobe,  defined  by  a  faint 
snlcus  on  one  side  and  a  deeper  farrow  between  it  and  the  swollen 
posterior  part  of  the  valve.  The  anterior  end  rather  the  highest,  as 
in  Beyrichia,  Two  or  more  thin,  curved  or  sinuous,  outstanding 
ribs  pass  along  the  valves  (as  in  some  specimens  of  Kirkby  a),  one  of 
which  is  usually  placed  near  the  dorsal  edge  and  developed  into 
a  crest  The  sur&oe  is  smooth,  punctate,  or  finely  granulate.  A 
broad,  fimbriate  or  spinous  fringe  extends  along  and  a  little  outside 
of  the  free  margin  of  each  valve ;  this  and  the  ribs  form  the  charac- 
teristic features  of  the  genus,  so  far  as  known. 

1.  Beybiohiopsis  fimbriata,  sp.  nov.     Plate  XL  Figs.  3-10,  and 
P1.XI1.  Fig.  5? 

Valves  ovate-oblong  in  outline,  lobed,  bearing  two  or  more  longi- 
tudinal ribs,  and  with  the  free  margins  curiously  fringed  and  spined ; 
height  half  the  length,  or  less.  The  dorsal  border  is  straight  and 
nearly  three-fourths  of  the  valve's  length;  the  ventral  border  is 
almost  straight  or  slightly  incurved ;  the  extremities  are  rounded, 
the  anterior  being  rather  the  highest  A  large  globose  lobe  or  boss 
occupies  the  posterior  third  (or  more)  of  the  valve ;  a  much  smaller 
circular  or  ovate  boss  is  dorsally  placed  near  the  anterior  third ; 
and  a  third,  but  slighter,  swelling  is  sometimes  developed  in  the 
ventral  region  between  those  already  named.  A  thin  lamella-like 
rib  runs  parallel  and  near  to  the  dorsal  margin  ;  a  shorter,  though 
similar,  rib  is  usually  present  along  the  middle  of  the  posterior  lobe ; 
and  a  third  (more  or  less  sinuous)  traverses  the  ventral  region  of 
the  valve ;  all  these  ribs  run  out  to  nothing  anteriorly,  and  end 
abruptly  posteriorly,  often  with  curved  points.  At  the  antero- 
dorsal  angle  of  each  valve,  and  a  little  outside  of  the  exact  margin, 
there  commences  a  broad  and  delicate  wing-like  fringe,  directed 
slightly  outwards,  and  regularly  marked  with  radiating  lines  or 
grooves.  This  fringe  extends  round  the  anterior  extremity  to  beyond 
the  centre  of  the  ventral  border,  where  (the  groovings  becoming 
more  pronounced)  it  gradually  breaks  up  into  a  series  of  flattened 
spines  that  extend,  on  the  same  plane,  round  the  posterior  extremity 
as  far  as  the  postero-dorsal  angle.  Seen  from  above  or  below,  the 
carapace  has  a  lobate-cuneiform  outline,  the  anterior  end  being  the 
thinnest,  and  the  posterior  almost  symmetrically  rounded.  Surfaoe 
apparently  smooth.     Length  ^  inch. 

Examples  of  this  Species  vary  very  little  except  in  relative  height 
and  length. 

The  marginal  fringe  is  never  perfectly  seen  in  testiferous  examples, 
— as  might  be  expected  from  its  delicate  character,  the  valves  having 
lost  it  if  at  all  knocked  about  before  imbedment.  Many  specimens, 
however,  show  it  more  or  less  imperfectly,  so  that  synthetically  a 
very  fair  idea  of  it  can  be  arrived  at.  At  Billow  Ness,  where  this 
species  is  abundant  on  certain  planes  of  the  cement-stone  before 
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mentioned,  the  external  impressions  of  the  valves  show  this  feature 
very  beautifully. 

PI.  XI.  Fig.  7  is  an  internal  oast  of  a  valve  with  the  external  im- 
pression of  the  fringe. 

Fig.  8  is  a  very  fine  testiferous  example,  from  Staneshiel  Bum, 
with  a  well-developed  and  ornate  orest,  and  a  curious  palmate 
spine  (?)  near  the  postero-dorsal  angle. 

This  species  is  always  found  in  deposits  of  marine  ongin.  At 
Plashetts  it  is  associated  with  marine  fossils,  besides  other  Ostracods 
in  abundance,  such  as  Kirkbya  costata,  Beyrickia  radiata,  Zeperdilia 
Okeni,  Cytherdla  valida,  etc. 

At  Billow  Ness  it  occurs  along  with  BeUerophon  decussaim,  MuT' 
ehtBonia  striatula,  Leda  attenuata,  Sangmnolites  dbdensis,  eta,  and 
with  Zeperditia  Okeni  and  other  Ostracods. 

PI.  XIL  Fig.  5  represents  a  fringed  form  from  Cultra,  County 
Down,  Ireland,  which  probably  belongs  to  this  species,  though  the 
crushed  state  and  general  bad  preservation  of  the  specimens  leave 
the  reference  doubtful. 

Localities.  —  Calciferous-Sandstone  series.  Plashetts,  Northum- 
berland ;  Tweeden  Bum,  and  Staneshiel  Burn,  Roxburghshire ; 
coast  to  the  west  of  Billow  Ness,  Fifeshire^ ;    ?  Cultra,  County  Down. 

Carboniferous-Limestone  series.  Murrayfield  Pit,  Linlithgow- 
shire ;  and  Sunnybank  Quarry,  N. W.  of  Kirkcaldy,  Fifeshire. 

2.  Betbiohiopsis  portis,  sp.  nov.     PI.  XII.  Figs.  1-3. 
(Var.  fflabrn.  Figs.  1,2;  Var.  granulata^  Fig.  3.) 

Another  fringed  form,  nearly  related  to  fimbriata,  occurs  in  the 
Lower-Carboniferous  Shale  at  Staneshiel  Burn,  Liddlesdale.  It  is 
larger  than  the  latter,  and,  were  it  not  for  the  marginal  fringe  and 
longitudinal  ribs,  would  have  a  very  Beyriohian  style  of  valve.  We 
have  been  in  some  doubt  whether  to  consider  it  a  variety  of  fimbriata 
or  a  distinct  species,  but  adopt  the  latter  view,  and  describe  it  as 
follows : — 

Obliquely  subovate,  lobed,  longitudinally  ribbed,  and  with  a 
marginal  fringe ;  height  less  than  half  the  length.  Dorsal  border 
straight  and  three-fourths  of  the  valve's  length ;  ventral  border 
boldly  convex ;  extremities  rounded,  but  with  well-marked  dorsal 
angles,  the  anterior  extremity  oblique  and  larger  than  the  other. 
The  posterior  half  of  the  valve  is  swollen  and  forms  a  large  rounded 
lobe,  in  front  of  which,  and  separated  by  a  deep  and  narrow  sulcus, 
is  a  small  oval  boss ;  the  ventral  portion  of  the  valve  is  tumid.  A 
thin,  sinuous  rib  passes  obliquely  across  the  valve  from  near  the 

^  The  thin  limestone  or  '*  cement-stone  '*  at  this  locality  is  only  about  one  foot 
thick.  It  is  a  compact  and  very  hard  grey  stone,  showing  scarcely  a  trace  of  fossils 
as  it  occurs  unaltered  between  tide-marks.  A  little  higher  up,  where  it  runs  into 
the  soil  and  a  recent  shell -bed  (old  beach),  it  becomes  decomposed,  especially  about 
the  joints,  and  takes  the  character  of  a  soft,  yellow  ochre,  that  is  easily  split  up  with 
a  pocket-knife  or  needle.  The  rock  is  then  seen  to  be  literally  full  of  the  remains 
(casts  or  impressions)  of  MoUusca  and  the  carapace-valyes  of  Ostracods.  The  con- 
trast of  how  much  is  to  be  seen  in  a  piece  of  this  rotten  stone  in  comparison  with 
how  little  in  a  piece  of  the  unaltered  stone  is  most  surprising  and  yery  instmctiye. 
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antero-ventral  angle  diagonally  upwards,  terminating  abruptly,  with 
a  downward  bend,  before  reaching  the  posterior  extremity  ;  another 
long  curved  rib,  commencing  a  little  below  the  first,  passes  along 
the  ventral  portion  of  the  valve ;  and  occasionally  another  appears 
not  far  from,  and  parallel  with,  the  ventral  fringe ;  and  near  to  the 
antero-dorsal  angle  there  is  a  short,  curved  rib,  sharply  pointed 
behind.  The  free  margin  of  each  valve  is  ornamented  with  a  radi- 
ating fringe  (and  spines)  similar  in  character  to  that  of  fimbriata. 
The  surface  in  Fig.  3  is  granulated  (var.  granulata).  Length,  ^inch. 

Good  examples  of  this  species  have  a  granulated  surface,  but  some 
occur  that  are  smooth  (var.  glabra,  ^gs-  1  <^  2).  In  the  latter  state, 
and  particularly  when  the  valves  are  rather  worn,  or  flattened  by 
pressure,  they  simulate  Kirkbya  plicata,  and  are  not  always  easy  to 
be  distinguished  from  it. 

The  ribs  vary  a  little  in  development.  The  small  one  near  the 
antero-dorsal  angle  is  often  absent ;  and  that  immediately  below 
occasionally  extends  across  only  the  posterior  half  of  the  valve. 

This  species  is,  as  already  stated,  nearly  allied  to  B.  fimbriata ; 
but  differs  from  it  in  its  larger  size,  less  elongated  form,  more 
decided  Beyriohian  style  of  lobes,  the  granulated  surface  of  its  best 
form,  and  the  absence  of  the  dorsal  rib  or  crest  of  that  species. 

Localities. — Oalciferous-Sand stone  series.  Staneshiel  Bum  and 
Tweeden  Bum,  Roxburghshire. 

3.  Bkybiohiopsis  oornuta,  sp.  nov.    Plate  XI.  Fig.  11. 

From  localities  in  the  Carboniferous-limestone  series  (Lower)  we 
have  a  third  fringed  Beyrichia-like  form.  It  is  smaller  than  the 
preceding  species,  has  a  spinose  fringe  all  round  the  free  margin, 
possesses  no  ribs,  but  in  tiieir  place  has  one  or  two  large  spines  or 
spikes  projecting  from  each  valve.  Some  of  the  specimens  have 
only  a  spine  on  Uie  large  posterior  lobe  or  boss ;  others  have  one  on 
the  anterior  lobe  as  well.  The  surface  is  smooth ;  and  the  length  is 
from  -sV  to  tjV  inch. 

We  name  this  form  comuta,  and  include  it  in  Beyrichiopsis  on 
account  of  its  fringe. 

It  occurs  at  Linlithgow  Bridge,  Linlithgowshire ;  Woodend  Quarry, 
Fifeshire ;  and  Dun  Quarry,  Lowick,  Northumberland. 

4.  Betriobiopsis  oriniti,  Jones  and  Kirkby. 

Beyriehia  erinita,  J.  &  £.  1884,  Proc.  Berwicksh.  Club,  vol.  z.  p.  322,  pL  iL 
fig.  10,  11. 

This  species  was  described  by  one  of  us  (from  specimens  collected 
by  Mr.  George  Tate)  in  the  Proceedings  of  the  Berwickshire  Nat. 
Club,  as  above  quoted.  We  have  nothing  to  add  to  this,  as  no 
additional  specimens  of  it  have  been  discovered.  It  is  from  the 
Lower  Carboniferous  rocks  of  Alnwick  Moor,  Northumberland. 

Prof.  Emmons  notices  and  figures  a  fringed  Beyriohian  form  from 
the  Trenton  Limestone,  of  New  York  State,  in  his  "Manual  of 
Geology,"  2nd  edit.  1860,  pp.  95  and  100.  Probably  this  may  belong 
to  our  new  genus. 
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5.  Betriohiopsis  subdentata,  sp.  nov.    PI.  XL  Figs.  1,  2. 

Along  with  B,  fimbriata  in  the  Plashetts  shale  are  numerous 
examples  of  another  form,  having  longitudinal  ribs,  a  retioulo- 
pnnctate  surface,  and  occasional  traces  of  denticles  on  the  ventral 
and  posterior  borders. 

It  is  smaller  than  B,  foriis,  but  of  similar  outline,  and  with  the 
valves  lobed  much  in  the  same  manner.  A  sinuous  rib  passes 
across  the  lower  half  of  the  valve  concentric  with  the  ventral  and 
extreme  borders ;  and  a  short  dorsal  rib  is  sometimes  present  on  the 
posterior  half.  The  surface  is  regularly,  and  somewhat  coarsely, 
punctate,  rather  than  reticulate.  The  posterior  half  of  the  free 
margin  of  some  specimens  is  denticulated,  but  there  are  no  traces  of 
a  fully- developed  fringe.     Length,  ^  inch. 

We  have  examined  many  valves  of  this  species,  but  can  find 
nothing  to  show  that  it  ever  possessed  a  perfect  fringe.  The  valves 
we  meet  with  of  fimbriata  and  foriis  very  often  are  without  this 
appendage ;  but  this  is  accidental,  for  close  exami  nation  invariably 
shows  where  it  has  been  broken  oflF,  by  removal  from  the  matrix  or 
otherwise.  In  subdentata,  however,  the  margins  show  no  indication 
of  fracture,  and  they  are  evidently  found  as  they  were  originally. 

LoccUHy. — Calciferous- Sandstone  series.     Piashetts,  Northumberld. 

Neither  of  the  last  two  species  exactly  agree  with  our  definition 
of  the  genus :  B,  eornuta  having  the  marginal  fringe,  but  not  the 
longitudinal  ribs ;  B.  subdentata  possessing  the  latter  character,  but 
the  fringe  only  in  a  very  incipient  state.  Still  we  are  inclined  to 
look  upon  them  as  belonging  to  the  same  natural  group  as  the  others, 
though  less  advanced  perhaps  in  the  process  of  differentiation  from 
Beyrichia.  In  fact,  by  taking  another  and  less  elastic  view  of  the 
subject,  it  would  be  easy  to  look  upon  all  the  forms  as  b^t  the  varietal 
or  individual  differences  of  one  species ;  for  they  certainly  run  very 
near  to  each  other.  This,  however,  would  scarcely  be  in  accordance 
with  modem  biological  ideas ;  nor  could  we  ignore  the  probability 
of  the  soft  parts  of  the  various  forms  having  differed  materially  one 
from  the  other. 

6.  Betriohiopsis  simplex,  sp.  nov.     PI.  XII.  Fig.  4. 

A  very  short  time  ago,  Mr.  Hugh  Miller,  of  the  Geological  Survey, 
sent  us  a  series  of  Ostracodous  specimens  from  the  Oarboniferons 
rocks  of  Northumberland.  Among  them  is  a  fringed  form  from  the 
Lower  Carboniferous  of  Warksburn,  North  Tynedale,  that  appears 
to  be  different  from  those  already  described.  It  occurs  in  single 
valves,  imbedded  in  a  matrix  of  dark  grey  shale,  along  with  species 
Kirhbya,  Cytherella,  and  other  marine  fossils. 

It  has  a  neat  Beyrichian  outline,  with  rounded  extremities  and  a 
convex  ventral  margin.  The  anterior  portion  of  the  valve  is  much 
higher  than  the  posterior.  There  is  a  well-marked  subcentral  sulcus, 
with  a  round,  but  rather  faint  boss  in  front  The  surface  has  no  ribs  ; 
but  is  sparsely  and  finely  granulated.  A  narrow  fringe  bounds  the 
free  margin,  and  breaks  up  into  spines  posteriorly,  as  in  other  species ; 
and  at  the  base  of  the  fringe  runs  a  beaded  line.    Length,  -^  inch. 
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We  name  this  form  B.  simplex.  The  full  locality  for  it  is  "  above 
Bamshaugb,  Longlee  Ford,  Warksbum,  North  Tynedale." 

Betrichiella,  gen.  nov. 

There  is  another  species  (probably  more  than  one)  which  ooraes 
near  those  described  aboye,  but  which  has  no  fringe,  although  it 
possesses  a  dorsal  crest  on  each  valve  with  a  well-marked  area  be- 
tween. It  has  a  strong  free-marginal  overlap ;  and  is  quite  unisul- 
cate.  This  may  be  regarded  as  typical  of  a  new  genus  and  species 
under  the  name  Beyrtchiella  cristata  (PL  XII.  Figs.  6a,  66). 

This  form  is  abundant  in  some  of  the  shales  and  cement- stones  of 
the  Calciferous  Sandstones  in  the  East  Neuk  of  Fife, — as  at  Eander- 
Btone  and  Billow  Ness. 

Note  on  some  Beybiohijb. 
1.  Bstriohia  abcuata.  Bean.     PL  XII.  Figs.  12 — 14. 

Cfypris  areuata.  Bean,  1836,  Mag.  of  Nat  Hist.  toL  ix.  p.  377,  woodcut,  fig.  6/>. 

B,  arcuata  was  figured  roughly  by  Bean  in  1836 ;  but,  for  the 
purpose  of  making  comparison  easy,  we  figure  it  here  anew.  It  is 
a  well-known  and  characteristic  species  of  the  Coal-measui*es  proper, 
in  some  of  the  shales  and  ironstones  of  which  it  is  found  in  great 
numbers. 

It  is  comparatively  large,  being  from  iV  to  iV  of  an  inch  in  length  ; 
subovate  in  outline,  with  convex  valves;  the  dorsal  margin  is 
straight,  the  ventral  margin  arched ;  and  the  posterior  end  is  the 
smallest  (lowest).  A  deep  sulcus  marks  the  anterior  half  of  the 
valves,  and  in  front  of  it,  close  to  the  antero-dorsal  angle,  there  is 
often  a  small,  nearly  obsolete  notch,  more  strongly  marked  on 
internal  casts.  The  valves  are  rimmed,  and  the  surface  b  polished 
and  finely  punctate. 

Among  other  localities,  it  occurs  in  Coal-measure  strata  at  Ashby- 
de-la-Zouch ;  Agecroft  Colliery  near  Manchester ;  Chesterfield ; 
Byhope  Colliery  and  Claxheugh  neai'  Sunderland;  and  at  Shotts 
and  Carluke  in  Lanarkshire. 

2.  Beybiohia  fastioiata,  Jones  and  Kirkby.  PL  XII.  Figs.  8,  9, 10. 
B,  fa$tigiata,  J.  &  K.,  1867,  Trans.  Geol.  Soc.  of  Glasgow,  vol.  ii  p.  220. 

This  species  is  smaller  and  has  the  valves  more  broken  up  into 
lobes  than  B.  arcuata.  Seen  from  above  the  outline  is  sub-cunei- 
form,— widest  behind,  pointed  in  front.     The  surface  is  punctate. 

Length  ^V  of  an  inch.  It  was  discovered  by  Mr.  John  Young, 
F.G.S.,  of  Glasgow. 

It  occurs  in  the  Carboniferous-Limestone  series  at  Bathgate 
(Linlithgowshire) ;  Craigenglen,  Campsie  (Stirlingshire) ;  Crossgate- 
hall  (Edinburghshire);  East  of  St.  Monans  (Fifeshire) ;  and  in  the 
Calciferous-Sandstone  series  West  of  Billow  Ness  (Fifeshire). 

3.  Beybiohia  Bbaoyana,  sp.  nov.     PL  XII.  Fig.  11. 

B.  Brailyana  is  a  small  subovate  form,  with  the  left  valve  strongly 
overlapped  by  the  right.  It  has  a  well-marked  subcentral  sulcus, 
and  in  some  specimens  a  fainter  and  smaller  anterior  impression, 
with  a  roundish  boss  between.     Seen  from  above,  the  outline  is 
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compressed-ovate,  pointed  at  the  ends.  Surface  smooth ;  length  nV 
of  an  inch.  Many  specimens  are  relatively  higher  and  shorter  than 
the  one  figured.    Discovered  by  Mr.  John  Young,  F.G.S. 

It  is  found  in  the  Carboniferous-Limestone  series  at  Charlestown, 
Sannybank  Quarry,  and  near  St  Monans,  in  Fifeshire;  at  High 
Blantyre,  Lanarkshire ;  and  Whitebaulks,  near  Linlithgow. 

4.  Bbtbiohia  obatibiqera,  O.  S.  Brady,  MS.    PI.  XTT.  Figs.  7a,  76. 

Another  species  with  a  strong  free-marginal  overlap  may  be 
described  thus.  Obliquely  oblong ;  equal  in  height,  dorsal  and  ven- 
tral borders,  being  nearly  parallel;  extremities  rounded,  with  a 
forward  swing ;  a  deep  sulcus  near  the  anterior  third,  and  another 
passing  forward  to  the  antero-dorsal  angle.  Yalves  convex,  the 
right  overlapping  the  left  very  strongly ;  lateral  contour  cuneiform ; 
shell  thick ;  surface  strongly  reticulated.     Length  tV  to  A-  inch. 

This  fine  species  was  discovered  by  Mr.  David  Robertson,  F.G.S., 
of  Glasgow,  in  the  Carboniferous-Limestone  series,  at  Calderside 
Quarry,  Lanarkshire;  it  also  occurs  in  Lower-Carboniferous  rocks 
at  Woodend  Quarry  and  Plashetts,  Northumberland ;  and  at  Amside, 
Westmoreland. 

EXPLANATION  OF  PLATES. 

Platb  XI. 

(All  the  Figuiefl,  except  Figs.  7  and  8,  magnified  26  diameters.) 

B$yrieh%op»i8  tubdentata^  J.  and  K. ;  left  yalre ;  2,  right  valve.    Plashetts. 
B.Jimbriata,  J.  and  K. ;  left  valve ;  fig.  4,  left  valve.    Plashetts. 
„  right  valve.    Tweeden  Burn. 

„  ventral  edge  of  left  valve ;  63.  dorsal  edge  of  right  valve. 

Plashetts. 
„  cast  of  left  valve,  with  impression  of  its  fringe ;  magnified 

40  diameters.     Billow  Ness,  Fife. 
„  right  valve ;  magnified  30  diameters.    Staneehiel  Burn. 

„  ventral  edge  of  left  valve ;  9*.  dorsal  edge  of  left  valve ;  9tf. 

hinder  end  view  ;  a  and  e  showing  the  fringe. 
„  lOff.  „  carapace,  showing  left  valve;   103.  dorsal  view.    Tweeden 

Bum. 
„  11.  B.  comuia,  J.  and  E. ;  right  valve.    Linlithgow  Bridge. 

Plate  XII. 

(All  the  Figures,  except  Fig.  36.  magnified  26  diameters.) 

Fio. la.  Bii/riehicpM  fortisy  var.  glabra,  J.  and  E.,  left  valve;  lb.  dorsal  edge 

of  right  valve ;  Ic,  ventral  edge.    Staneshiel  Bum. 
„    2.  „  „  „         left  valve.    Staneehiel  Bum. 

,,    3a.  „  „       var.  granulata,  J.  and  E. ;  right  valve;  Zb,  hind  end 

view,  magnified  30  diameters.    Staneshiel  Bum. 
„    4.    J?.  «tfM;)/<«,  J.  and  E.,right  valve.    Warkshum. 
„     6.     B.Jimbriata  (P),  J.  and  E.,  left  val^e.    Cultra,  Ireland. 
„    6a.  Beyriehiella  erutaia^  J.  and  E.,  carapace  showing  left  valve;  63.  dorsal 

view.    Banderstone. 
„    7a.  Beyriehia  cratigwa,  G.  S.  B.,  carapace  showing  left  valve;  73.  ventral 

view.    Amside. 
„    8.    B,fa$iiffiata,  J.  and  E.,  thick-shelled  carapace  showing  cast  of  left  valve, 

Sunday-night  Cleugh. 
„    9  and  10.      „  right  valves  (thin-shelled). 

„  11a.  B,  Bradyana,  J.  and  E.,  carapace  showing  left  valve;  113.  ventral  view. 
„  12.    B,  arcuaia  (Bean),  right  valve.    Stylton,  Durham. 
„  ]3.  „  „       cast  of  right  valve.     Carluke. 

„  14.  „  „       left  valve.    Longton,  Staffordshire. 
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IL— New  Palaonisoida  fboh  the  English  Coal-measures. 
By  E.  H.  Tbaquair,  M.D.,  F.E.S.,  F.G.S. 
Elonichthya  Aitkeni,  sp.  nov.,  Traquair. 

LENGTH,  6  to  7  inches,  shape  fasiform.  Cranial  roof  bones  scolp- 
tared  with  undulating  ridges  passing  at  times  into  elongated 
tubercles.  Mandible  sculptured  externally  with  slightly  undulating 
longitudinal  ridges,  which  run  tolerably  parallel  with  the  upper  and 
lower  margins  of  the  jaw ;  dentary  margin  finely  tuberculated. 
Maxilla  of  the  usual  form,  its  dentary  margin  likewise  finely  tuber- 
culated,  the  rest  of  the  surface  covered  with  undulating  ridges. 
Scales  of  moderate  size ;  those  of  the  front  of  the  flank  are  higher 
than  broad;  posteriorly  they  become  more  oblique  and  equilateral, 
while  towards  the  dorsal  and  ventral  margins  they  become  rather 
lower  than  they  are  broad.  Their  ornament  consists  of  sharp  strongly- 
marked  ridges,  nearly  straight  and  parallel,  and  only  occasionally 
bifurcating  or  intercalated.  On  the  scales  of  the  anterior  part  of  the 
flank  these  ridges  run  rather  diagonally  over  the  surface  of  the 
scale  from  above  downwards  and  backwards,  but  over  the  greater 
part  of  the  body  they  are  parallel  with  the  upper  and  lower  margins  of 
the  scale,  and  seldom  does  any  greater  obliquity  of  the  ridges  in  the 
anterior  and  lower  part  of  the  scale  give  any  indication  of  the 
diagonal  division  of  the  pattern  which  is  so  oommon  in  striated  scales 
in  the  family  Palasoniscidse.  Posteriorly,  a  peculiar  and  highly- 
ornamental  character  is  given  to  the  squamation  by  the  fact  that 
the  lowermost  ridge,  uniting  or  not  with  the  one  next  above  it,  is  of 
unusual  breadth,  and  stands  prominently  out  On  the  V-shaped 
ridge-scales  of  the  caudal  body-prolongation,  the  ornament  becomes 
speedily  obsolete,  and  the  small  lozenge-shaped  lateral, scales  are 
at  most  marked  by  only  one  or  two  slight  longitudinal  furrows. 

The  length  of  the  pectoral  fin  is  about  two-thirds  that  of  the 
head,  its  principal  rays  are  unarticulated  for  about  one-third  of  their 
length.  The  ventrals  are  badly  preserved,  but  their  position  seems 
to  be  intermediate  between  the  pectorals  and  the  anal.  The  dorsal 
is  situated  opposite  the  interval  between  the  ventrals  and  the  anal ; 
both  dorsal  and  anal  fins  are  pretty  large,  and  of  the  usual  triangular 
acuminate  shape ;  their  rays  are  delicate  and  slender,  distantly  arti* 
eulated,  ganoid  and  smooth,  save  that  now  and  then  a  single  longi- 
tudinal furrow  is  seen  especially  just  before  bifurcation  sets  in.  The 
caudal  is  large  and  deeply  cleft ;  the  articulations  of  the  rays  of  the 
lower  lobe  are  a  little  closer  than  those  of  the  dorsal ;  in  the  upper 
lobe  the  joints  become  so  short  as  to  look  nearly  square-shaped. 

Remarks. — Though  hitherto  undescribed,  this  fine  species  is 
pretty  well  known  to  collectors  in  the  West  of  England,  and  cannot 
be  confounded  with  any  other.  I  have  named  it  after  the  late 
Mr.  John  Aitken,  of  Bacup,  Lancashire,  who  lent  me  the  beautiful 
specimen,  of  which  a  figure  will  shortly  appear  in  my  memoir  on 
Carboniferous  fishes  in  course  of  publication  by  the  Palsdontogra- 
phical  Society. 

Geological  Position  and  Localities. — Lower  Coal-measures.     Copy 
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Ooal  Mine,  Cliviger  (collected  by  the  late  Mr.  Aitken) :  ArleyMlne, 
Burnley,  Lancashire  (coll.  of  Mr.  J.  Wilde,  Ashton-under-Lyne) : 
Dalemoor  Bake  Ironstone,  Stanton,  Derbyshire  (British  Museom  and 
Museum  of  Practical  Gleology) :  Millstone  Grit  Shales,  Danebridge 
^Mr.  J.  Ward).  There  is  a  specimen  in  the  Museum  of  Practical 
Geology,  labelled  from  Ladieswell  Colliery,  Staffordshire,  but  in  Mr. 
Ward's  opinion  the  specimen  more  probably  came  from  the  Lower 
Goal-measures  of  the  Cheadle  district. 

Elonichthys  microlepidoius,  sp.  nov.,  Traquair. 

I  have  only  seen  two  specimens  of  this  interesting  form,  which 
have  been  kindly  lent  to  me  by  Mr.  Ward. 

The  length  of  the  more  perfect  of  the  two  is  3f  inches ;  but  as 
it  is  broken  off  immediately  behind  the  anal  fin,  we  may  justly  esti- 
mate the  original  length  of  the  fish  at  not  less  than  five  inches.  The 
external  markings  of  the  head-bones  are  not  well  seen,  except  in  the 
case  of  the  lower  jaw,  which  is  ornamented  by  wavy  longitudinal 
branching  and  anastomozing  ridges.  In  this  specimen  the  mouth  is 
wide  open,  as  is  also  the  gill-cleft,  owing  to  the  drawing  forward  of 
the  suspensorium ;  the  opercular  bones  are  rather  narrow,  and  beneath 
them  and  the  mandible  the  branch iostegal  rays  may  be  counted. 
The  scales  are  small  in  proportion  to  the  size  of  the  fish,  and  their 
markings  consist  of  only  a  few  strong  ridges  passing  horizontally  or 
Vfith  only  a  slight  obliquity  across  the  scale.  Only  the  base  of  the 
pectoral  fin  is  seen,  the  other  fins  are  large,  and  have  the  form  and 
relative  position  characteristic  of  this  genus.  Their  rays  are  very 
numerous,  fine,  and  closely  set;  their  joints  longer  than  they  are 
broad,  and  their  surfaces  show  traces  of  fine  longitudinal  striation. 

Bemarks. — The  relative  smallness  of  the  scales  and  their  peculiar 
simple  bold  ornament  distinguish  this  species  from  any  other  with 
which  I  am  acquainted. 

Geological  Position  and  Locality. — Enowles  Ironstone  Shale,  Long- 
ton,  Staffordshire,  in  the  collection  of  Mr.  John  Ward,  F.G.S. 

Rhadiniehthys  macrodon,  sp.  nov.,  Traquair. 
The  specimen  upon  which  this  species  is  founded  measures  five 
inches  in  length,  but  it  is  broken  off  just  behind  the  commencement 
of  the  caudal  fin,  as  indicated  by  the  dorsal  ridge  scales ;  the  length 
of  the  head  is  1^  inch,  and  the  depth  of  the  body  nowhere  exceeds 
one  inch.  Consequently,  the  general  aspect  is  that  of  a  fish  of  slender 
form,  but  the  specimen  cannot  be  relied  on  as  showing  the  original 
shape,  as  the  scales  are  broken  up  and  confused,  and  the  fin-rays 
almost  entirely  wanting.  The  head  exhibits  the  typical  paladoniscid 
structure, — the  suspensorium  being  very  oblique,  the  gape  wide,  and 
the  usual  arrangement  of  opercular  and  branchiostegal  plates  being 
shown ;  the  bones  are,  however,  seen  almost  exclusively  from  their 
internal  sui^faces.  Both  jaws  are  armed  with  stout,  conical,  incurved 
teeth  of  unusually  large  proportional  size,  those  of  the  maxilla 
measuring  iV  to  iV  inch  in  length  ;  the  small  external  ones  are  not 
visible.  The  scales  are  of  comparatively  large  size,  those  of  the 
anterior  part  of  the  flank  having  their  exposed  areas  covered  with 


Digitized  byVjOOQlC 


442  8*  8.  Buckman — The  Lohe4ine  of  Ammonites. 

delicate  ridges  and  furrows,  which  are  nearly  parallel  with  the  upper 
and  lower  margins  of  the  scale,  though  they  tend  to  turn  upwards 
anteriorly ;  the  posterior  margin  is  sharply  and  prominently  denti- 
culated. As  we  proceed  backwards,  the  scales  lose  the  sharpness  of 
their  ornament,  and  become  nearly  smooth  towards  the  tail,  though 
the  caudal  V  scales  remain  prominently  striated.  The  origin  of  the 
pectoral  fin  is  present,  though  not  well  shown,  and  here  the  principal 
rays  seem  nnarticulated.  A  few  broken  up  ray-joints  mark  the 
position  of  the  dorsal  and  anal  fins,  the  former  occurring  3  inches,  the 
latter  3f  inches  behind  the  front  of  the  head. 

^fimarA^A.— The  condition  of  the  specimen  renders  its  generic 
determination  a  matter  of  great  uncertainty,  but  I  am  inclined  to 
place  it  in  Bhadinichthya  for  the  following  reasons  :~(1),  the 
apparent  elongation  of  the  body,  on  which,  however,  little  weight 
can  be  placed;  (2),  the  resemblance  of  the  scales,  in  shape  and 
ornament,  to  those  of  the  typical  B.  omatissimus,  Ag.  sp. ;  (3),  the 
appearance  of  the  broken  rays  of  the  root  of  the  pectoral  fin. 
Specifically  I  designate  it  as  new,  as  I  am  not  acquainted  with  any 
other  form  in  which  teeth  of  such  large  proportional  size  occur  with 
scales  of  similar  conformation  and  markings. 

Oeologtcal  Position  and  Locality. — Enowles  Ironstone  Shale,  Fen- 
ton,  Staffordshire,  in  the  collection  of  John  Ward,  Esq.,  F.G.S. 

{To  be  continued.) 

in. — On  the  Lobe-line  of  Certain  Species  of  Lias  Abimonites 

Desoribed  in  the  Monograph  by  the  late  Dr.  Wright. 

By  S.  S.  Buckman,  F.G.S. 

WHILE  recently  turning  over  the  plates  of  this  Monograph,  my 
attention  was  arrested  by  the  lobe-line  figured  on  plate  63, 
and  on  looking  at  the  explanation  of  the  plate  given  on  the  opposite 
page,  I  was  much  surprised  to  see  that  it  was  stated  to  be  the 
"  Lobe4ine  of  Harpoceras  ovatum,  magnified"  On  the  same  plate, 
just  below  (fig.  4)  is  a  side  view  of  the  Marp,  ovatum  with  its  lobe- 
line  in  situ,  and  I  suppose  it  to  be  this  lobe-line  that  is  magnified. 
But  there  must  surely  be  some  mistake  here.  Compare  the  lobe- 
line,  fig.  7,  with  that  on  fig.  4,  and  notice  the  much  greater  width 
of  the  siphonal  saddle  in  ^g.  4  (than  in  fig.  7),  where,  on  account  of 
the  curvature  of  the  fossil,  it  would  be  really  smaller.  To  say 
nothing  of  the  obliquity  of  the  inner  portion  of  that  on  fig.  4,  where 
is  the  first  auxiliary  lobe  (nearly  as  large  as  the  inferior  lateral  in 
fig.  7)  to  be  found  in  fig.  4?  I  think  it  will  be  apparent  that  for 
some  reason  or  other  the  two  lobe-lines  are  different  But  is  the 
lobe-line,  ^g,  7,  the  correct  lobe-line  for  such  a  species  as  the  Harp, 
ovatum  here  figured  ?  I  must  say  No  I  Turning  for  a  moment  to 
Wright's  description  of  the  lobe-line  of  JBTarp.  ovaium,  page  446,  we 
find  it  stated,  '<  The  suture-line  is  of  the  radians  type.'*  lliis  is  true 
enough  of  the  suture-line  shown  on  fig.  4,  but  I  think  any  one  who 
has  paid  attention  to  the  suture-lines  of  this  class  of  Ammonites 
could  not  possibly  say  that  fig.  7  was  a  lobe-line  of  **  the  radians  typeJ* 
The  further  description  given  is  accurate  as  regards  fig.  7,  but  it 


Digitized  byVjOOQlC 


It,  F.  Tomes — Inferior  Oolite  Madreporaria.  443 

cannot  be  said  to  apply  to  fig.  4.  Tn  fact  the  suture-line  fig.  7 
belongs  to  that  group  of  shells  of  which  the  specimen  of  R,  elegana 
(figs.  1,  2,  8  on  the  same  plate)  is  characteristic,  and  that  by  some 
means  or  other  an  oversight  has  occurred  and  the  suture-line  of  this 
specimen  (Harp,  elegans)  has  been  figured  in  mistake  for  the  one  of 
H,  ovatum.  That  it  is  no  fault  of  delineation  I  feel  positive,  because 
fig.  4  is  characteristic  of  the  group  to  which  Harp,  ovatum  would 
belong,  while  fig.  7  is  characteristic  of  the  group  to  which  Harp, 
elegans  belougs.  Compare  for  confirmation  of  this  opinion  the  suture- 
line,  fig.  7,  with  the  suture-line  given  by  D'Orbigny  (Pal.  fraug.  Terr, 
jurass.  plate  62)  to  Am,  primordialis — otherwise  Am,  opalinus 
(Reinecke), — a  very  near  ally  of  Am,  elegans,  or  compare  it  with  the 
suture-line  of  a  specimen  of  Am,  concavus,  Sow.  These  shells  belong 
to  a  group  having  a  practically  identical  suture-line  not  at  all  like 
that  of  Harp,  r(idians.  Now  turn  to  plate  80,  and  at  first  sight  the 
evidence  appears  against  me.  Here  we  have  in  fig.  3  a  suture-line 
which  I  consider  is  of  the  opalinus  type,  called  the  suture-line  of 
Harp,  aalense,  and  in  fig.  5  the  suture- line  of  apparently  the  radians 
type  called  the  suture-line  of  Harp,  opalinum ;  but  let  us  now  look 
at  his  description  of  the  suture-line  of  Harp,  aalense,  page  459,  and 
Harp,  opalinumy  p.  464,  and  we  see  that  the  descriptions  do  not  in  any 
way  agree  with  the  figures.  It  is  in  figure  3,  not  5,  as  stated,  that  we 
find  the  siphonal  saddle  divided  into  two  unequal  portions,  and  the 
auxiliary  lobes  large  and  two  smaller  auxiliaries,  because  there  are 
no  auxiliary  lobes  in  fig.  5.  The  fact  is  Wright  has  correctly  described 
the  lobe-lines  belonging  to  the  two  species,  but  has  never  noticed 
that  they  were  wrongly  numbered,  whilst  on  page  446  (plate  63)  he 
has  described  as  the  suture-line  of  Marp,  ovatum  a  suture-line  belong- 
ing to  a  different  group  of  species  altogether.  I  have  proceeded  no 
further  at  present,  as  I  only  happened  to  notice  these  suture-lines 
because  they  were  necessary  to  me  in  my  own  work.  But  having 
noticed  the  errors  mentioned,  I  have  penned  these  remarks,  not  with 
the  intention  of  detracting  in  the  least  from  the  excellence  of  Wright's 
monograph,  but  to  call  attention  to  the  subject,  so  that  it  may  not 
mislead  others  or  be  the  unsound  basis  of  argument  should  any 
discussion  arise  concerning  the  validity  of  suture-lines  as  a  means  of 
identification. 

IV. — On  Some  New  or  Imperfbotly  Known  Madrkporaria  prom 
THE  Inferior  Oolite  of  Oxfordshire,  Qlouoestbrshire  and 
Dorsetshire. 

By  BoBSBT  F.  Tombs,  Esq. 

{Continuid  from  p.  398.) 

Adelastrjsa  oonsobrina,  Edw.  and  Haime,  sp. 

(not  Synastraa  eousohrina,  d'Orb.,  Prodromus). 

WE  are  informed  by  M.  Ferry  that  d'Orbigny  was  supplied  with 
the  greater  part  of  the  Corals  of  his  Bajocien  by  M.  Eugene 
Beabeau,  of  Langres,  who  has  stated  of  the  present  species  that  it  was 
first  named  Calamophyllia  gtomerata  by  d'Orbigny,  and  afterwards  by 
an  error  Synastraa  consobrina,  and  further,  that  he  at  the  same  time 
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described  in  his  Prodromtis  another  species  under  the  same  name. 
MM.  Milne  Edwards  and  ELaime,  it  appears,  were  misled  by  this 
error,  and  referred  the  Coral  sent  by  M.  E.  Beabeau,  to  the  Synastraa 
consohrina  of  the  Prodromus.  This  in  brief  is  the  statement  of 
M.  Ferry,  and  it  is  obvious  that  the  8yna$traa  consohrina  of  the 
Prodromus,  and  the  QauBOstraa  consohrina  of  MM.  Milne  Edwards 
and  fiaime  are  not  the  same,  and  that  the  latter  is  the  Coral  for- 
warded by  M.  E.  Beabeau  from  Langres. 

As  Confusiutraa  had  been  proposed  as  a  generic  name  as  long  ago 
as  1849  by  M.  d'Orbigny,  and  several  species  placed  in  it  by  him  in 
1850,  and  recognized  by  Milne  Edwards  and  Haime,  M.  Ferry  ap- 
pears to  have  entertained  no  doubt  about  the  generic  relationship  of  the 
present  species,  and  he  therefore  unhesitatingly  places  it  in  the  genus 
Confusaatraa,  An  allied  species  C,  omata  occurs  also  at  Langres, 
which  differs  only  from  C.  consohrina  in  having  larger  calices.  Of  this 
M.  Ferry  gives  a  description,  in  which  mention  is  made  of  some 
peculiarities  which  may  here  be  noticed.  The  corallum,  he  in- 
forms us,  is  formed  of  a  successive  aggregation  of  corallites,  with 
lateral  and  marginal  buds,  joined  with  one  another  by  a  rudimentary 
wall.  He  further  observes  that  the  corallites  are  often  superposed, 
the  young  calices  frequently  implanted  in  the  old  ones,  and  that 
they  start  from  a  common  base,  formed  sometimes  of  a  single 
individual. 

No  description  is  given  of  C.  consohrina,  but  it  is  said  to  resemble 
the  last  species,  but  with  calices  which  are  constantly  of  smaller 
diameter. 

The  specimens  from  the  Cheltenham  district  correspond  with 
great  accuracy  with  the  description  given  of  0.  omata  by  M.  Ferry, 
except  that  the  calices  are  smaller,  and  their  diameter  agrees  very 
well  with  that  given  of  those  of  Clausastrc^a  consohrina  by  MM. 
Milne  Edwards  and  Haime,  which  is  undoubtedly  the  same  species 
as  the  Confusaatraa  consohrina  of  M.  Ferry.  Budding  occurs  laterally 
and  in  the  depressions  between  the  calices  of  these  Cheltenham 
examples,  and  the  growth  of  one  calice  within  another  (rejuve- 
nescence) is  not  unfrequent  in  them.  This  Coral  appears  to  be 
plentiful  in  the  Lower  Coral-bed  in  the  Sheepscombe  valley,  near 
Painswick,  and  I  have  seen  a  specimen  taken  from  the  Oolite  marl 
at  Leckhampton  Hill. 

Of  Adelastraa  ienuisiriata  I  may  remark  that  although  when  un- 
worn it  is  quite  unlike  an  hastraa,  yet  when  the  septa  are  worn 
down,  it  is  difficult  to  distinguish  from  Isastraa  tenuiatriata.  With 
the  latter  it  has  often  been  confounded.  The  marginal  budding  will, 
however,  always  identify  it.  Its  relationship  to  the  fissiparous 
genus  CladophyUia,  suggested  by  Professor  Duncan,  is  entirely  un- 
supported by  evidence. 

Isastraa.  tenuistriata,  Edw.  and  Haime. 

Since  the  appearance  of  my  former  paper  I  have  examined  a 

number  of  specimens  of  this  species  from  the  Lower  Coral-bed  at 

Crickley  Hill  and  Birdlip  Hill,  from  the  Lower  Trigonia  Grit  at 

Juniper  Hill   near   Painswick,    and    from   other  localities  in   the 
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Olieltenham  distriot.  I  haye  also  obtained  it  from  the  Upper  Coral- 
bed  in  the  Slad  Valley  near  Stroud.  It  is  now  therefore  obvious 
that  it  has  a  considerable  yertioal  range  in  the  Inferior  Oolite.  A 
specimen  from  Birdlip  shows  its  method  of  gemmation  very  clearly. 
It  takes  place  either  on  the  exposed  margin  of  the  wall  between  the 
oalioes  or  a  very  little  within  thfe  calice,  as  even  when  still  very 
small  it  is  impossible  to  say  from  which  oalioe  the  young  one 
proceeded. 

ISASTRJEA  DEPRSSSA,  TomOS. 

Besides  the  localities  already  mentioned  in  my  communication 
on  Inferior  Oolite  Corals,  I  have  now  seen  examples  from  the  Lower 
Coral-bed  at  Birdlip,  and  at  Juniper  Hill  in  the  Painswick  valley. 
I  have  also  a  specimen  which  was  given  to  me  by  the  late  Dr. 
Bowerbank,  with  the  information  that  it  had  come  from  Dundry  Hill. 
Another  specimen  from  the  same  locality  is  in  the  Northampton 
Museum.  There  is  also  one  in  the  Museum  at  Oxford,  which  was 
taken  from  the  Inferior  Oolite  in  the  Hook  Norton  cutting  of  the 
Banbury  and  Cheltenham  Bailway.  The  presence  of  this  species 
at  the  latter  place  might  lead  to  the  conclusion  that  the  lower  beds 
of  the  Infeiior  Oolite  are  not  unrepresented  there. 

CHORISASTRiBA  ORBGABIA  and  C.  OBTUSA. 

I  enter  with  some  reluctance  into  a  repetition  of  what  I  have 
already  insisted  on  respecting  some  corals  which  I  placed  in  the 
genus  Ohorisastraa.  So  far  as  the  two  English  species,  C,  gregaria 
and  C,  ohtusa,  are  concerned,  everything  depends  upon  their  mode 
of  increase.  If  it  is  by  fissiparity,  then  are  these  species  simply 
Thecosmilians,  but  if  accomplished  by  means  of  gemmation,  some 
other  genus  than  Thecoamilia  must  be  chosen  for  their  reception. 
Now,  Professor  Duncan  himself,  speaking  of  these  same  corals 
(Quart  Joum.  Geol.  Soc.  vol.  xlii.  p.  128),  says,  **  An  attempt  was 
made  to  include  the  well-known  species  of  Thecoamilia,  which  at 
first  increase  by  gemmation  and  then  by  fissiparity  "  (t.6.  to  include 
them  in  Choriaastraa),  The  words  have  been  given  in  italics  by 
me.  A  few  pages  further  on  (p.  113),  he  refers  to  one  of  my  own 
figures  in  proof  of  fissiparity  in  Choriaaatrtsa  gregaria.  That  figure 
represents  the  earliest  period  when  increase  takes  place,  just  at  the 
time  when  the  corallum  ceases  to  be  simple  and  becomes  compound. 
This,  according  to  Professor  Duncan's  own  words,  should  be  the 
period  for  gemmation,  instead  of  fissiparity.  The  two  statements 
are  of  course  inconsistent  with  each  other.  The  real  fact  is,  gem- 
mation and  nothing  else  takes  place,  and  we  have  exactly  the  same 
process  which  is  represented  by  the  figures  of  Choriaastraa  corallina, 
From.,  C.  neocomienaia,  From.,  and  C.  dubia,  Becker.  One  of  the 
figures  of  the  latter  species  (from  the  Corallien  of  Nattheim)  bears  a 
strong  resemblance  to  some  of  the  more  simple  examples  of  C.  gre^ 
garia,  and  answers  to  the  descriptive  words  of  MM.  Milne  Edwards 
and  Etaime  which  they  applied  to  their  Thecoamilia  gregaria.  They  say 
that  the  corallites  of  that  species  differ  from  those  of  Thecoamilia  by 
**  remaining  in  general  grouped  in  fasciculi  to  a  considerable  distance 
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from  the  parent  calice."  This  is  precisely  what  takes  place  in  the 
various  speices  of  Chorisastraa,  and  had  those  celebrated  palaeon- 
tologists seen  and  examined  young  examples  at  various  ages,  I  do  not 
for  a  moment  believe  that  they  would  have  placed  C  gregaria  in  the 
genus  TheeoBmilia. 

ChoriaaatrcBa  ohiusa  from  the  Great  Oolite  differs  chiefly  from 
the  preceding  in  being  smaller.  But  some  of  the  dwarfed  examples 
of  G.  gregaria  very  closely  resemble  it.  However,  C.  gregaria  may 
at  all  ages  be  known  by  the  greater  thickness  of  its  septa  outwardly, 
that  is,  near  the  mural  region.  This  peculiarity  is  observable  in 
individuals,  the  corallnm  of  which  is  so  young  that  it  has  only  the 
thickness  and  size  of  a  small  coin.  The  specimen  of  (7.  obitisa  figured 
by  Prof.  Duncan  is  not  very  characteristic,  one  of  that  height  would 
commonly  have  four  or  five  calices,  or  even  more.^  Such  examples 
as  the  one  figured  are  however  common  in  the  Fairford  Coral-bed. 

In  support  of  Choriaastraa  as  a  genus  I  may  only  remark  that 
if  not  Theoosmilian,  the  species  I  have  here  mentioned  must  be  placed 
either  in  Chorisaatraa  or  Latinkeandra,  and  it  can  hardly  be  said  that 
they  fall  properly  into  the  latter. 

Chorisastr^a,  sp. 
Peduncular  portions  of  a  species  of  coral  referable  to  this  genus 
have  been  obtained  from  the  beds  under  the  Pisolite  at  Crickley  Hill, 
and  from  a  sandy  bed  overlying  the  Upper  Lias  sands  at  Dover's 
Hill  near  Chipping  Campden.  All  the  specimens  examined  have 
very  numerous,  thin,  and  uniform  septa,  and  they  are  probably 
attributable  to  some  undescribed  species. 

(Jenus  Phyllogtba,  Tomes,  Q.  J.  QeoL  Soc.  vol.  xxxviii.  p.  430. 

Since  the  definition  of  this  genus  appeared,  I  have  examined  some 
young  examples  of  Phyllogyra  Etheridgei  from  the  Trigonia  Grit  of 
Lieckhampton  Hill,  which  enable  me  to  confirm  the  characters  I  have 
before  assigned  to  the  genus.  The  smallest  of  these  is  not  more  than 
an  inch  in  diameter.  It  has  a  flattened  lenticular  form,  with  a  central 
large  calice  and  a  thin  lobular  outer  margin,  in  the  lobes  of  which 
gemmation  is  actively  taking  place,  precisely  as  it  does  in  the  margins 
of  small  examples  of  ChoriaaatrcBa  gregaria.  Between  the  marginal 
lobes  are  subcristiform  ridges,  just  as  in  that  species,  and  such  as  I 
have  figured  in  plate  xviii.  illustrating  the  paper  above  quoted.  It 
is  obviously  by  gemmation,  and  not  by  fissiparity,  that  increase  in 
this  genus  takes  place,  as  the  central  calice  is  not  in  any  way 
interfered  with  by  the  simultaneous  growth  of  a  circle  of  new  calices 
in  the  distal  ends  of  the  surrounding  septal  costie.  Gemmation  as 
it  takes  place  in  Phyllogyra  is  precisely  as  in  Latimaandra,  and  as  it 
has  been  figured  by  Prof.  Duncan  himself  in  his  Supplement  to  the 
British  Fossil  Corals,  plate  v.  fig.  7  of  part  ii. 

It  is  by  no  means  improbable  that  Phyllogyra  Etheridgei  and 
Choriaaatraa  gregaria  may  prove  to  be  forms  which  differ  only  fix)m 
each  other ;  the  one  by  having  a  depressed  and  expanded  growth, 

^  Since  writing  the  above  tbe  specimen  figured  by  Prof.  Duncan  as  Theeosmilia 
obtusa  has  come  mto  my  hands.    Of  it  I  shall  have  more  to  say  on  a  future  occasion. 
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and  the  other  by  having  a  subdendroid  form.  For  the  present  I 
leave  them  where  they  are,  but  must  enter  my  earnest  protest  against 
there  being  any  near  affinity  with  Sipnphyllia  in  the  Oolitio  form 
now  under  consideration. 

Phyllootra  sinuosa,  Tomes. 

I  have  lately  met  with  several  examples  of  this  species  in  the 
Lower  Trigonia  Grit  near  Cheltenham,  but  in  no  instance  in  the 
Coral-bed  at  Crickley.  It  has  not,  indeed,  been  observed  in  the  Lower 
Coral-bed  at  any  locality,  though  it  most  frequently  occurs  in  the 
Oolite  marl,  or  third  Coral  layer. 

Platastraa  bndothboata,  sp.  nov.     (Plate  X.^  Figs.  1, 2,  3, 4.) 
Clautiutraa  Conybeari,  Tomes,  Proc.  Geol.  Assoc,  vol.  ri.  no.  4. 

The  present  species,  the  occurrence  of  which  I  have  already 
recorded,  under  the  name  of  Clawaslraa  Conyheari^  must,  with  the 
allied  species  from  the  Great  Oolite  of  Bath,  be  referred  to  the  new 
genus  Plataatraa,  Specimens  from  the  Inferior  Oolite  of  Hook 
Norton  are  for  the  most  part  fairly  preserved,  and  sometimes  when 
broken  through,  show  the  structure  of  the  septa  and  the  dissepi- 
mental  tissues  very  clearly. 

The  corallum  is  rudely  lenticular,  and  not  very  large.  The  upper 
surface  is  moderately  convex,  sometimes  almost  flat,  and  never  much 
elevated,  and  the  outer  margin  is  rather  thin,  but  rounded  rather 
than  angalar.  The  under  surface  is  much  more  prominent  than  the 
upper  surface,  in  some  specimens  almost  subpeduncular,  with  a 
central  point  indicating  a  former  attachment  The  common  or 
basal  wall  is  rudimentary,  and  has  intermittent  and  narrow  rings 
of  epitheca.  The  radiating  mural  oostse  are  thin,  and  the  spaces 
between  them  are  wide  and  filled  with  dissepiments.  The  calicos 
have  a  more  or  less  quadrangular  or  rounded  outline,  and  are  shallow. 
The  septa  are  all  of  them  continuous  with  those  of  other  calicos,  but 
they  o^n  form  an  angle  where  they  meet  and  unite  between  the 
calicos.  They  are  very  stout  over  the  mural  region,  but  speedily 
become  thinner  as  they  approach  the  visceral  cavity.  The  margins 
of  all  of  them  are  denticulated,  the  teeth  consisting  of  rather  large, 
regular,  and  rounded  tubercles,  the  greater  diameter  of  which  is 
across  the  septum.  There  are  four  cycles  of  septa  in  six  systems. 
In  some  systems  the  fourth  cycle  is  incomplete,  while  in  others  there 
are  a  few  very  rudimentary  septa  of  the  fifth  cycle.*  The  primary 
septa  extend  to  the  fossula  and  meet,  the  secondary  ones  are  very  little 
shorter  than  the  primary  ones,  and  those  of  the  tertiary  cycle  are 

1  This  Plate  was  published  in  the  September  No.  with  the  fint  part  of  this  paper. 

^  I  most  differ  wholly  from  Prof.  Duncan  when  he  says  that  tnere  are  neyer  two 
rudimentary  cycles  in  the  same  calice.  There  are  not  every  to  the  best  of  my  know- 
ledge, two  moimentary  cycles  in  the  same  system,  but  there  may  be,  and  often  are,  in 
the  irregularly  deyeloped  calices  of  Jurassic  Madeporaria,  rudimentary  septa  of  quite 
different  ages  in  different  systems.  The  third  cycle  may  be  rudimentary  in  one  and 
complete  in  another,  in  which  a  fourth  may  hare  even  commenced  its  growth.  Such 
irregularities  are  frequent  after  recent  rejuvenescence,  one  side  of  the  calice  having 
perhaps  the  full  complement  of  septa,  while  the  other  may  have  only  ^e  earlier 
developed  cycles. 
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a  little  more  than  half  the  length  of  those  of  the  primary  oyole, 
while  those  of  the  fourth  cycle  are  quite  short 

The  dissepiments  are  very  numerous;  stout,  arched,  and  they 
completely  fill  up  the  loculi.  They  continue  so  high  up  in  them 
that  they  are  seen  almost  dose  beneath  the  denticulations  of  the 
septa.  The  diameter  of  a  large  corallum  is  from  three  to  fonr 
inches,  and  the  height  about  one  inch.  The  diameter  of  the  calices 
is  half  an  inch.  Increase  takes  place  by  gemmation  in  the  interval 
between  the  calices. 

Although  allied  to  Platastraa  Conyheari  from  the  Oreat  Oolite,  the 
present  species  may  be  readily  distinguished  from  it  by  its  much 
smaller  size  and  regularly  lenticular  form.  Again,  the  septa  of 
P.  Conyheari  meeting  in  the  oentre  of  the  visceral  cayity,  are  much 
thickened  quite  low  down  in  it,  and  these  form  a  mass  which,  when 
those  parts  of  the  septa  which  are  above  it  have  been  worn  down, 
comes  in  view,  and  has  so  much  the  appearance  of  a  columella  as  to 
have  led  MM.  Milne  Edwards  and  Haime  to  place  the  species  in 
the  genus  Pleraatraa,  Nothing  of  the  kind  is  observable  in  Plc^ 
tastraa  endothecata. 

I  take  the  present  opportunity  of  making  a  few  remarks  on  Pla- 
taetraa  Conyheari,  It  is  not  rare  at  Coombe  Down,  from  which 
place  the  type-specimens  were  obtained.  It  is  sometimes  of  great 
size,  and  although,  generally  speaking,  of  a  globose  form,  is  often 
extremely  irregular  in  its  outline,  and  Uie  calices  on  some  parts  have 
a  corresponding  irregularity  in  shape.  When  these  irregular  calices 
are  worn  down,  they  present  precisely  the  appearance  of  those  shown 
in  the  figure  of  Claueastrcba  Pratti  figured  in  the  History  of  British 
Fossil  Corals.  But  the  more  regular  calices  of  hastraa  Conyheari, 
figured  on  the  same  plate,  would  never  by  any  condition  of  fossili- 
zation  or  any  amount  of  wear  resemble  those  of  the  then  supposed 
Clauaaatroia,  But  indeed  no  one  except  Prof.  Duncan  has  suggested 
such  a  possibility. 

Of  the  type-specimen  of  Clausatircba  Pratti  (afterwards  Pleraatraa 
Pratti)  the  original  describers  observe  that  it  is  so  ill  preserved  that 
they  could  not  give  a  complete  description  of  the  species  from  it. 
Notwithstanding  this,  no  doubt  seems  to  have  crossed  Prof.  Duncan's 
mind  as  to  its  fitness  to  furnish  a  satisfactory  description,  and  he 
has  accordingly  entered  quite  recently  into  its  details.^  I  also  have 
lately  examined  the  type-specimen,  and  can  confirm  what  has  been 
said  of  its  unfavourable  condition  by  MM.  Milne  Edwards  and 
Haime.  It  is  a  young  example  and  bears  a  very  close  resemblance 
to  many  of  the  specimens  from  Coombe  Down.  The  supposed  papillose 
columella  observed  in  some  of  the  calices  is  nothing  more  than  the 
blending  of  the  septa  in  the  centre  of  the  calice,  the  denticulations  of 
which,  resembling  in  shape  those  I  have  figured  on  the  plate  accom- 
panying this  communication,'  are  yet  traceable  in  that  part  of  the 
calice  which  has  been  subjected  to  the  least  wear— that  is  to  say,  in 
the  centre.  All  other  parts  of  the  septa  have  been  worn  down  quite 
smooth. 

1  Quart.  Jonm.  Qeol.  Soo.  toI.  xliL  p.  138.  *  Plate  X.  Figure  8. 
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In  the  desoriptioQ  of  the  so-called  Clau$a8tr€ea  Pratti  by  the 
original  describers  it  is  stated  that  the  oalices  are  not  separated  by 
a  distinct  wall;  all  the  Coombe  Down  specimens  I  have  seen, 
whatever  their  condition,  accord  in  this  particular  with  the  type. 
They  are  equally  destitute  of  surrounding  wall,  whether  they 
have  the  irregular  form  of  those  of  Clausastraa  Pratti,  or  the  more 
regularly  defined  ones  of  Isaatroea  Conyheari,  Turning  to  the  de- 
scription of  the  genus  PlerastroBa  by  MM.  Milne  Edwards  and 
Haime,  M.  de  Fromentel,  and  Prof.  Duncan,  I  observe  that  special 
mention  is  made  of  the  presence  of  walls  surrounding  the  oalices.  I 
must  therefore  still  contend  that  Plataatroea  is  generically  distinct 
from  Pleraslraa,  which  has  distinct  walls  bounding  the  oalices. 

Further,  I  must  continue  to  assert  the  identity  of  the  two  species 
laaatraa  Conyheari  and  Plerastraa  Pratti,  the  latter  being  nothing 
more  than  a  small  specimen  having  an  irregular  growth,  and  a  cor- 
responding irregularity  in  the  development  of  the  calicos.  And  I 
must  repeat  my  assertion  that  the  same  specimen  of  this  variable 
species  will  on  different  parts  present  the  appearances  represented 
by  the  figures  given  by  MM.  Milne  Edwards  and  Haime  of  Isastrtea 
Conyheari  and  Plerastraa  Pratti, 

Genus  Leptophyllta.,  Eeuss. 

The  conclusions  of  M.  Pratz  respecting  the  structure  of  the  coral- 
lum  of  the  genus  Zeptophyllia  were  based  on  the  examination  of 
specimens  of  the  very  species  on  which  Beuss  established  the  genus. 
They  were  obtained  from  the  Cretaceous  formation  at  Gk)sau,  and  he 
observes  that  proof  is  yet  wanting  that  these  Cretaceous  and  other 
subsequently  described  species  from  the  Oolites  are  generically 
identical.  At  present  my  knowledge  of  the  Oolitic  LeptophyllieB  is 
confined  to  the  examination  of  a  few  examples  of  a  small  species 
from  the  Inferior  Oolite.  In  these  I  observe  the  same  form  of 
pseudo-synapticulad  as  in  the  Gk>sau  Leptophy Iliad,  and  in  the 
genus  Thamnastraa ;  they  therefore,  very  probably,  appertain  to  the 
genus  Zeptophyllia,  One  of  these  small  and  malformed  Oolitio 
Zeptophyllia,  from  the  Inferior  Oolite  of  Dorsetshire,  has  been  figured 
and  described  by  Prof.  Duncan  under  the  name  of  Podoseria  conatricta, 

Lbptophtllia  Flourbsti,  E.  de  From., 
Pal.  Franc.  Terr.  Jurass.  Corall.  p.  93,  pi.  27,  figs.  1-4,  Oct.  1866. 

One  example  of  this  species  has  been  taken  from  the  Oolitic  Marl 
at  Leckhampton  by  me,  and  I  have  another  given  to  me  by  my 
friend  Mr.  W.  C.  Lucy,  which  he  obtained  from  a  bed  of  angular 
oolitic  gravel  near  Painswick.  The  Painswick  specimen  is  mis- 
shapen, and  has  a  curiously  close  resemblance  to  figure  3  of  the 
plate  above  quoted. 

Genus  Thegosebis,  E.  de  From. 
Faiaoserit,  Duncan. 
Since  the  publication  of  my  paper  in  which  the  description  of 
Thecoaeria  polymorpha  appears,  I  have  examined  a  specimen  of  that 
species  which  had  been  split  through  vertically,  showing  the  sides 
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of  the  septa  with  great  distinotness.  The  so-oalled  psendo-synapti- 
culsd  are  very  clearly  shown,  and  appear  as  ledges  passing  con« 
tinuously  across  the  septa  in  lines  parallel  to  the  septal  edge.  There 
is  not  the  slightest  indication  of  perforations  between  these  ledges, 
but  there  are  well-defined  dissepiments  low  down  in  the  coraUom. 
The  genus  Thecoseris  differs  wholly  irom  Zeptophyllia  in  having  im- 
perforate septa  and  an  investing  wall  with  a  well-developed  epitheca, 
giving  to  the  oalioe  a  clearly- defined  and  prominent  margin.  These 
differences  sufficiently  characterize  Thecoaeria,  and  at  the  same  time 
distinguish  it  from  Leptophyllia.  They  also  afford  good  reasons  for 
declining  to  aooept  the  position  of  a  subgenus  assigned  to  them  by 
Prof.  Duncan. 

When  I  stated  my  belief  that  Palaoserta  would  be  found  to  be 
identical  with  Thecoseria,  I  did  not  know  that  Zittel  had  already 
referred  it  to  that  genus.  That  Thecoaeria  should  be  a  Cretaceous 
as  well  as  a  Jurassic  and  Tertiary  genus,  might  be  anticipated,  and 
accordingly  a  species  has  been  described  in  Stoliczka's  work  on  the 
Cretaceous  Corals  of  Southern  India. 

Thamnastrba  expansa,  sp.  nov. 

I  have  met  with  a  Thamnaatraa  at  Birdlip  Hill,  Gloucester,  in  a 
Coral-bed  which  is  an  extension  of  the  one  at  Crickley  Hill,  having 
characters  which  do  not  accord  with  those  of  any  species  I  am  ac- 
quainted with,  and  I  therefore  describe  it  under  the  above  name. 

The  corallum  is  broad  and  saucer-shaped,  very  thin,  and  has  a 
slight  peduncle.  The  margin  is  extremely  thin  and  wavy.  The 
epitheca  is  well  developed  and  concentrically  wrinkled.  The  calicular 
surface  is  very  slightly  concave,  and  a  little  deeper  in  the  centre. 
The  calices  are  extremely  small,  circular,  and  regularly  dist^ributed, 
and  there  is  very  little  disposition  in  the  septal  costas  towards  the 
parallel  arrangement  observable  in  so  many  species  of  ThamnaatroBa* 
About  twenty-four  septa  enter  into  and  form  the  calice,  twelve  of 
which  unite  in  pairs  at  the  fossula.  The  others  are  short  The 
fossula  is  small,  round,  but  not  very  deep.  All  the  septa  and  septal 
oostee  are  very  delicately  papillated. 

Diameter  of  the  corallum,  3  inches ;  its  thickness,  ^  inch. 

Distance  from  centre  to  centre  of  the  calices,  1  line. 

Thahnastbjsa  hetbromorpha,  sp.  nov. 

The  corallum  has  a  very  complicated  outline,  somewhat  resembling 
that  of  DimorphophylUa,  but  much  more  irregular  and  less  compact. 
Proceediug  from  a  common  centre,  it  expands  upwards  and  outwards 
into  a  considerable  number  of  leaf-like  and  lobular  parts,  which  are 
in  clusters,  and  have  openings  through  and  between  them.  The 
calicular  surfaces  are  horizontal  and  divided;  they  are  numerous, 
and  having  their  margin  turned  up,  present  extremely  irregular 
shallow  cavities.  All  the  under  parts  of  these  leaf-like  lobes  have 
a  well-developed  and  rugose  epitheca. 

The  calices  are  for  the  most  part  in  rows  corresponding  with  the 
outer  margin  of  the  lobes.  They  are  shallow,  but  have  a  well- 
defined  and  rather  large  fossula.    There  are  from  sixteen  to  eighteen 
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septa,  of  whiob  twelve  are  of  equal  length  and  form  the  fossula. 
The  rows  of  calioes  are  connected  by  septcd  costaa,  which  are  nearly 
parallel,  and  run  towards  the  outer  margin  of  the  lobe.  Very  few 
anastomoze,  but  all,  as  well  as  the  septa,  are  regularly  papiUated. 
In  the  fossula  is  a  well-defined  columella  consisting  of  about 
twelve  regular  styliform  papillsd. 

Height  of  the  corallum,  about  1|  inch,  and  its  greatest  diameter 
about  3^  inches.  The  calioes  are  distant  from  each  other  about  one 
line. 

J  have  met  with  a  few  specimens  in  the  Oolite  Marl  at  Leek- 
hampton  Hill,  but  not  at  any  other  place. 

DiMORPHAILfiA  EXPANSA,   Sp.  nOV. 

I  possess  four  specimens  of  DimorpharcBaf  from  the  Inferior  Oolite 
of  East  Coker,  they  are  very  distinct  from  DimorpharcBa  OoUtica, 
which  I  describe  as  follows : — 

The  corallum  is  very  broad  and  thin,  and  the  upper  and  under 
surface  have  about  the  same  degree  of  convexity.  Tbe  largest 
specimen  has  a  diameter  of  four  inches,  while  in  thickness  it  does 
not  exceed  half  an  inch.  Tbe  outer  margin  of  all  the  specimens  is 
quite  thin.  In  all  of  them  the  mural  costed  are  visible  on  the  under 
surface,  only  a  very  small  quantity  of  epitheca  being  present  This 
is  distributed  in  patches.  These  costce  are  straight,  uniform  in  size, 
and  they  radiate  from  a  centre. 

The  middle  or  parent  calioe  has  very  little  prominence,  and  is  only 
a  little  larger  than  the  surrounding  ones,  which  are  ranged  around 
it  in  circles,  so  irregularly  that  they  look  almost  scattered. 
There  are,  however,  three  circles  of  secondary  calicos,  and  outside 
the  external  one  the  septal  costce  are  prolonged  to  a  length  exceed- 
ing the  distance  between  the  circles.  From  this  it  might  seem  that 
three  is  the  full  complement  of  circles,  unless  the  distance  between 
the  circles  increase?  rapidly  as  the  corallum  enlarges. 

From  twelve  to  sixteen  septa  enter  into  and  form  the  calioes. 
In  the  most  regularly  formed  there  are  twelve,  of  nearly  equal 
length  and  thickness,  extending  to  the  fossula,  but  they  do  not  enter 
into  it.  They  have  perforations,  which  are  not  numerous,  but  are 
large  and  distinct  The  septal  costce  are  of  equal  thickness  with  the 
septa,  as  well  as  equally  thick  throughout;  they  are  straight  or 
wavy,  rarely  curved,  and  have  a  radiate  arrangement.  The  breadth 
of  the  intervals  between  them  rather  exceeds  their  own  thickness. 

At  present  I  have  been  unable  to  examine  specimens  having  the 
septal  edge  complete. 

COMOSEBI8  VBRMIOULARIS. 

A  specimen  of  Comoseria  which  I  took  from  the  friable  Pisolite  at 
Crickley  Hill  is  obviously  specifically  identical  with  the  specimen 
I  have  already  referred  to  C,  vermieulartB  obtained  from  the  over- 
lying Coral-bed  at  that  place.'  It  is  a  young  and  worn  example,  but 
is  very  instructive  as  to  the  habit  of  growth  of  the  species.    A  short 

1  Quart.  Joxini.  Geol.  Soc.  toL  xxxviii.  p.  448. 
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peduncular  foot  is  surmounted  by  a  tuber-shaped  top,  wbich  is  com- 
posed of  overlapping  leaflets,  and  where  the  lateral  margins  of  these 
meet  on  the  upper  surface,  they  curl  up  and  form  ridges  having 
precisely  the  same  sinuosity  as  the  margins  of  the  leaflets.  It  is 
only,  however,  at  the  outside  of  the  corallum  that  the  outline 
of  the  leaflets  can  be  satisfactorily  traced.  On  the  whole  of  the 
central  part  they  are  too  much  fused  together  to  be  followed  except- 
ing as  sinuous  ridges,  which  being  worn  down,  reveal  the  hidden 
wall  within. 

In  1884,  when  Prof.  Duncan  published  his  Bevision  of  Families 
and  Genera,  he  did  not  admit  that  there  was  any  wall  in  the  collines 
of  ComoserxB ;  but  in  his  recently  published  paper  in  the  Journal  of 
the  G^logical  Society  he  acknowledges  that  there  is  a  false  wall. 
This  is  a  step  in  the  right  direction.  With  patience  and  further 
research  a  true  mural  structure  may  yet  be  arrived  at 

This  is  the  only  species  I  have  met  with  which  is  common  to  the 
Pisolite  and  the  overlying  Coral-bed ;  but  as  the  specimen  from  the 
former  deposit  was  found  in  the  friable  or  disintegrated  part,  it  may 
have  fallen  from  above  and  have  been  embedded. 

Phtlloseris  inobustata,  Mich.  sp. 

Akeopora  incrtutata,  Mich.  loon.  Zooph.  p.  Ill,  pL  26,  fig.  8, 1840-47. 
MicrotoUna  inerustatOy  M.  Edwuds,  Hist.  Nat.  Corall.,  torn.  ilL  p.  201,  1860. 
FhyUoBerUy  sp.  Tomes,  Q.  J.  O.  8.  toI.  xxxviii.  p.  448,  1882. 

The  species  of  FhyUoseris  which  I  indicated  at  page  448  of  my  paper 
on  Inferior  Oolite  Corals  is  obviously  identical  with  the  Alveopora 
incrustata  of  Michelin.  Although  described  by  that  author  as  a 
dendroid  species,  and  having  the  "rameaux"  partially  covered  by  an 
irregular  "  croute,"  it  is  obvious  by  the  figure  that  it  has  more  of 
a  digitate  than  a  dendroid  growth.  That  it  is  a  second  species  of 
FhyUoaertB,  differing  chiefly  from  P.  rugosa  in  the  form  of  the  coral- 
lites  and  the  size  of  the  calices,  I  have  no  doubt  The  epitheca 
extends  upward  by  degrees  and  obliterates  the  calices,  just  as  it  does 
in  PhyUosertB  rugoaa, 

Latimaandrabia  oonobntbioa,  Tomes. 
Oroterii  eoncentrica,  Tomes,  Quart.  Joum.  Qeol.  Soc.  toI.  xxxviiL  p.  441. 

In  a  paper  on  the  Madreporaria  of  the  Coral  Eag  (Quart  Joum. 
Geol.  Soc.  vol.  xxxix.)  I  suggested  that  a  species  of  OroaertB  which 
I  had  before  described  as  Oroseria  concentrica,  probably  appertained 
to  another  genus.  I  now  place  it  in  LatimcBandrana,  and  I  do  so 
for  the  following  reasons.  As  clearly  pointed  out  by  me,  Orosetia 
may  be  recognized  by  its  mode  of  gemmaparous  increase,  which  is 
calicular  or  marginal,  while  in  LatimcBandraria,  Thamnaslraa,  and 
some  other  genera,  it  is  intercostal.  As  it  is  also  intercostal  in  the 
present  species,  I  now  place  it  in  the  former  of  these  genera. 

In  conclusion  I  wish  to  render  my  very  sincere  thanks  to  Mr. 
Hudleston,  Mr.  Buckman,  and  Mr.  Jas.  Windoes  for  their  liberal 
assistance  in  the  use  of  specimens  from  their  several  collections. 


Digitized  byVjOOQlC 


W.  J.  Harrison — Beep-Boring  in  Keuper  Marls.        453 


V. — On  a  Deep  BoRnva  in  the  New  Red  Mabls  (Keuper  Mabls) 
NEAB  Birmingham.^ 

By  W.  Jbromb  Habmson,  P.G.S. 

THE  Triassio  strata  which  form  the  country  surrounding  Birming- 
ham consist  of  the  usual  divisions  of  sandstone  and  marl ;  the 
sandstones  predominating  helow,  the  marls  above.  In  the  immediate 
neighbourhood  of  the  town,  the  sandy  beds  are  divided  from  the 
marly  or  clayey  strata  by  a  dislocation  or  line  of  fault  which  runs 
from  north-east  to  south-west,  taking  a  line  from  Erdington  to 
Rubery,  and  traceable  altogether  for  a  distance  of  about  twenty 
miles.  The  fault  runs  through  the  town  of  Birmingham  nearly 
parallel  to  the  Biver  Bea,  and  from  a  quarter  to  half  a  mile  west  of 
the  present  bed  of  the  river.  The  Lower  Keuper  sandstone,  which 
forms  a  surface  band  one  to  two  miles  in  width  on  the  west  of  this 
fault,  is  a  porous  stratum  about  200  feet  in  thickness.  It  is  under- 
lain by  the  Bunter  Pebble  Beds,  300  to  400  feet  in  thickness,  which 
crop  out  further  to  the  west,  and  which  contain  an  inexhaustible 
supply  of  water.  From  three  deep  wells  in  the  suburbs  of  Birming- 
ham— two  on  the  north  at  Perry  and  Witton,  and  one  on  the  south 
near  Selly  Oak— the  Corporation  Waterworks  obtain  daily  a  supply 
of  over  eight  million  gallons  of  water,  most  of  which  comes  from 
the  Pebble  Beds,  which  occupy  the  lower  portion  of  each  well  or 
bore-hole.  The  water  is  of  good  quality,  showing  from  nine  to  fifteen 
degrees  of  hardness. 

On  the  east  of  the  line  of  fault  a  very  different  state  of  things 
prevails.  The  rocks  on  this  side  have  been  dropped  vertically  some 
six  or  seven  hundred  feet.  Here  the  surface  is  composed  of  the 
Keuper  Red  Marls,  which  form  a  broad  band  ten  or  twelve  miles  in 
width,  extending  from  Birmingham  to  Shustoke.  The  water-supply 
of  this  tract — which  has  a  considerable  extension  to  north  and  south 
from  Tamworth  to  Warwick  and  Redditch — is  wholly  derived  from 
superficial  sources,  such  wells  as  exist  drawing  their  water  from  the 
post-glacial  sands  and  gravels  which  lie  here  and  there  in  hummocks 
on  the  Red  Marls. 

As  the  population  on  this  agricultural  plain  of  Warwickshire 
is  comparatively  small  and  scattered,  and  as  there  are  no  manufactur- 
ing towns  in  the  district,  it  is,  perhaps,  not  surprising  that  until  quite 
recently  no  attempts  have  been  made  to  reach  the  buried  waters 
which  probably  exist  in  the  Bunter  and  Keuper  Sandstones  that 
underlie  the  Red  Marls  on  the  east  of  the  line  of  fault.  The  chief 
obstacles  to  such  an  undertaking  are  the  unknown — certainly  consider- 
able— thickness  of  the  Red  Marls ;  and  the  fact  that  no  one  likes 
to  be  the  first  to  experiment  in  a  matter  in  which — while  there  is 
certainly  a  possibility  of  failure — any  good  result  obtained  would 
be  quite  as  much  for  the  benefit  of  one's  neighbours  as  for  one's  self. 
It  would  seem  that  such  borings  might  be  executed  by  Government, 

^  Bead  before  Section  C.  (Geology),  British  Association,  Birmingham,  September 
3rd,  1S86. 
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or  by  the  County  Boards  which  it  is  proposed  to  establish,  the  cost 
being  defrayed  by  a  small  tax  levied  on  the  landowners  of  the  district 

The  work  of  the  Oeological  Survey  has  given  us  some  information 
as  to  the  probable  thickness  of  the  Red  Marls.  Prof.  Jukes,  writing 
of  South  Staflfordshire/  says :— "  The  total  thickness  of  this  sub- 
formation  cannot  be  much  less  than  600  feet ; "  and  Mr.  Howell, 
speaking  of  this  very  district,*  states  that "  south  of  Birmingham  the 
Keuper  Marls  attain  a  thickness  of  nearly  600  feet,"  and  again  adds 
'*  in  this  district,  the  Bed  Marl  attains  a  maximum  thickness  of  about 
600  feet"  However,  he  gives  a  section  of  a  boring  on  the  Lindley 
Hall  Estate  (four  miles  north  of  Nuneaton),  about  which,  although 
a  depth  of  660  feet  was  attained,  he  says,  "  it  does  not  seem  certain 
that  they  got  through  the  Bed  Marl  series ;  some  of  the  lower  beds, 
however,  may  belong  to  the  Lower  Keuper  Sandstone."  In  a  deep 
boring  for  water,  at  Bugby,  after  passing  through  400  feet  of  Lias 
and  seventy  feet  of  Bhaatic  Beds,  the  New  Bed  Marls  were  pierced, 
and  found  to  be  670  feet  in  thickness ;  at  a  depth  of  1140  feet  the 
Keuper  Sandstone  was  reached,  and  a  rush  of  water  flooded  the 
bore-hole;  unfortunately  this  water  was  so  impregnated  with  salt 
and  with  gypsum  as  to  be  unfit  for  domestic  purposes. 

About  eight  or  ten  years  ago  the  Birmingham  Corporation  put 
down  a  bore-hole  in  Small  Heath  Park  (a  southern  suburb  of  Bir- 
mingham), in  search  of  water  for  certain  baths  and  wash-houses 
which  it  was  proposed  to  build  there.  A  depth  of  440  feet  was 
attained,  entirely  in  the  Keuper  Bed  Marls,  before  the  boring  was 
abandoned.  I  have  seen  numerous  specimens  of  fibrous  gypsum 
obtained  from  varying  depths  in  this  bore-hole. 

Early  in  the  present  year  Messrs.  Bates,  of  the  King's  Heath 
Brewery,  three  miles  south  of  Birmingham,  resolved  to  make  a  deep 
boring  for  water  through  the  Bed  Marls  on  which  their  buildings 
stand,  at  a  distance  two  miles  to  the  east  (down -throw  side)  of  the 
line  of  fault  already  described.  They  entrusted  the  work  to  Messrs. 
Le  Grand  and  Sutcliffe,  of  100,  Bunhill  Bow,  London,  who  have 
successfully  carried  out  similar  undertakings  in  many  parts  of  the 
country.  The  work  has  been  rapidly  carried  forward,  and  the  latest 
statement  of  results  is  as  follows : — 


Contractor's  Notes. 

Depth  in '. 

Feet.        Geological  Notes. 

Feet. 

Due  well 

Bed  Sand       

...     32    1 
...      4 

Post-glacial  Sands 

...    36 

Bed  Marl  and  Pebbles  ... 

Rough  Ballast       

BedMarl       

...       8 
...     12 

Boulder  Clay    

...    20 

...  168  ^ 

Bed  Marl  and  Gypsmn  ... 
Marl,  Shale,  and  Gypsum 

...  131 

...  809 

►  Keuper  Marls 

...  611 

Marl  and  Shale      

;::  SlJ 

Bed  Stone  and  Shale    ... 

Total  depth  reached 

...    667 

667 

There  is  no  thick  bed  of  gypsum,  but  this  mineral  occurs  per- 

^  Warwickshire  Coalfield,  Survey  Memoir,  1869,  pp.  41-44. 
^  South  Staffordshire  Coalfield,  Survey  Memoir,  1869,  p.  4. 
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sistently  in  streaks  and  fibroas  deposits  throughout  the  greater  part 
of  the  strata.  Many  of  the  cores  of  marl  brought  up  are  remarkably 
hard,  affording  a  great  contrast  to  the  ordinarily  soft  and  crumbling 
nature  of  the  strata  as  we  usually  see  them  in  a  weathered  condition 
in  brick-pits,  etc. 

It  is  possible  that  the  **  red  stone  and  shale  " — a  hard  sandy  marl 
— which  forms  the  bottom  bed  now  reached,  marks  the  incoming  of 
tho  Lower  Keuper  Sandstone.  Similar  strata  were  found  at  the 
bottom  of  the  Lindley  Hall  boring.  Certainly  the  depth  already 
reached — 667  feet — is  the  point  at  which  our  previous  knowledge 
would  lead  us  to  expect  the  change  to  occur.  For  although  the  first 
56  feet  is  occupied  by  surface-deposits,  leaving  611  feet  for  the  Bed 
Marls,  yet  it  must  be  remembered  that  we  are  only  two  miles  east  of 
the  fault,  and  that  the  upper  portion  of  the  Marls — to  what  extent 
we  cannot  precisely  tell — must  have  been  removed  by  denudation. 

Just  as  the  boring  has  reached  this  most  interesting  point,  eui 
unfortunate  accident  has  temporarily  delayed  its  progress.  A  tool 
has  broken  in  the  very  bottom  of  the  boring,  and  the  removal  of  the 
broken  piece  is  a  difficult  operation.  But  doubtless  this  obstacle 
will  quickly  be  overcome.  As  to  the  quality  of  the  water  to  be 
obtained  from  the  Keuper  Sandstones,  the  promoters  of  the  boring 
doubtless  hope  that  it  will  be  similar  to  that  at  Burton,  where  the 
presence  of  a  moderate  amount  of  gypsum  in  the  water  from  deep 
wells  sunk  through  the  Bed  Marls  is  found  to  be  of  great  value  in 
brewing  operations. 

The  action  of  a  fault  when  it  brings  a  thick  bed  of  impervioua 
material  like  clay  or  marl  side  by  side  with  a  porous  sandy  stratum — 
the  sandy  beds  dipping  towards  the  line  of  fetult — is  strikingly 
shown  both  at  Birmingham  and  Stourbridge.  In  Birmingham  there 
is  any  quantity  of  water  to  be  had  from  the  Sandstones  and  Pebble 
Beds  right  up  to  the  line  of  fault.  The  artesian  well,  about  200  feet 
deep,  in  Digbetb,  must  be  within  a  few  yards  of  the  fault-line,  and 
the  water  obtained  is  used  in  the  manufacture  of  mineral  waters, 
and  is  so  highly  prized  that  it  may  frequently  be  seen  conveyed  in 
a  large  barrel  on  wheels  to  various  establishments  in  the  town. 
'  At  Stourbridge  exactly  the  same  thing  happens.  A  north  and 
south  fault  brings  Permian  Marls  on  a  level  with  the  Bunter  Pebble 
Beds  and  Keuper  Sandstones,  the  latter  dipping  towards  the  Marls. 
The  water  is  banked  up  by  the  Marls  and  yields  an  unlimited 
supply  to  the  wells  of  uie  Stourbridge  Water  Company,  which  lie 
just  on  the  right  (west)  side  of  the  line  of  fault 

The  railway  company  occupies  the  land  on  the  marly  side  of  the 
fault,  and  in  years  gone  by  they  sank  well  after  well  in  the  marls  in 
vain  search  for  water,  and  the  officials  were  much  chagrined  and 
surprised  at  its  absence,  seeing  that  any  quantity  of  the  precious 
fluid  was  being  pumped  up  within  a  few  yards  of  their  land  I 
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VL — On  Palaozoio  Phyllopoda. 
By  Pbof.  T.  Bupbbt  Jonbb,  P.K.S.,  F.G.8.' 

INCE  the  publication  of  the  Third  Report  on  Palaaozoic  Phyllopoda 
(Brit  Assoc.  Beport  for  1886),  we  have  examined  many 
additional  specimens  in  the  Museums  of  the  Edinburgh  and  Glasgow 
Universities,  and  in  the  Braidwood  Museum  belonging  to  Dr.  J.  R.  S. 
Hunter,  of  Braidwood,  near  Glasgow.  Mr.  James  Thomson,  F.G.S., 
has  given  us  a  quantity  of  nodules,  containing  remains  of  Ceratioearis^ 
from  the  Lesmahago  district ;  and  other  friends  have  lent  us  several 
interesting  specimens. 

We  have  also  again  critically  examined  the  fossils  enumerated 
under  Cerattocaris,  in  the  Third  Report,  and,  having  had  numerous 
finished  drawings  carefully  made  for  illustration  of  a  forthcoming 
monograph  for  the  Palaeontographical  Society,  we  have  been  able  to 
compare  them  more  perfectly  and  with  more  precise  results. 

Thus  we  find  that — 

1.  CeratiocartB  leptodactylna  (MCoy).  see  Third  Rep.  pp.  11-14, 
as  known  by  its  caudal  appendages  (Cambr.  Mus.  a/923,  a/924,  and 
a  few  others),  is  distinct  from  C,  Murchisoni,  M*Coy,  both  as  to  size 
and  proportions.  We  have  traced  two  rows  of  pits  (bases  of  prickles) 
on  a/924,  as  exposed.  Some  similar  caudal  appendages,  M.P.G.  H> 
occur  in  the  Lower  Wenlock  rock  of  Helm  Knot,  Dent,  Yorkshire. 

2.  C.  Murchisoni  (Agass.),  founded  on  some  specimens  figured  in 
Sil.  Syst.  and  Siluria,  but  unfortunately  lost  (Third  Rep.  p.  11, 
etc.),  is  represented  by  several  analogous  fossils,  such  as  Oxford  Mus. 
B  and  C;  Ludlow  Mus.  C;  M.P.G.  H  and  U-  We  find  only  one 
row  of  pits  on  the  styles,  as  exposed.  We  have  been  unable  to  deter- 
mine its  carapace ;  but  a  fragment  lying  in  the  same  slab  with  if 
may  belong  to  it.  The  carapaces  formerly  assigned  to  C  leptodactylus 
and  C.  Murchisoni  (Third  Rep.  pp.  12,  15)  are  now  regarded  as 
belonging  to  distinct  species. 

3.  The  caudal  appendages  of  C.  Murchisoni  have  a  slight  curva- 
ture ;  there  are  others  much  like  them,  but  straight,  and  associated 
with  a  large  ultimate  segment,  much  broader  than  that  in  M.P.G.  M* 
(For  instance,  Oxford  Mus.  F ;  M.P.G.  X  i ;  Ludlow  Mus.  T.)  One 
of  these  (X  ^)  has  been  labelled  C,  gigas  by  Mr.  Salter ;  and  there- 
fore we  adopt  that  name. 

4.  The  specimens  from  the  Wenlock  beds  of  Dudley  and  Kirkby 
Lonsdale,  described  and  figured  in  the  Gbol.  Mag.  1866,  p.  204, 
PI.  X.  Figs.  8  and  9,  as  belonging  to  C.  Murchisoni  (Third  Rep. 
p.  12),  are  too  thick  and  strong  for  that  species,  and  the  Dudley 
example  (Fig.  8)  has  different  proportions.  We  propose  to  distinguish 
them  as  C,  vdlida. 

6.  Some  abdominal  segments  (Oxford  Mus.  E ;  Ludlow  Mus.  L ; 
B.M.  89403;  M.P.G.  H  and  H;  Third  Rep.  p.  20,  etc.),  narrow  in 

*  Being  the  substance  of  the  Fourth  Report  of  a  Committee  consistingof  Messrs.  R. 
Etheridge,  F.R.S.,  H.  Woodward.  LL.D.,  F.R  S.,  and  Prof.  T.  Rupert  Jones, 
F.R.S.  {Secretary),  on  the  FossU  Phyllopoda  of  the  Palaeozoic  Rocks,  read  before 
Section  C.  Britifih  Association,  Binningham,  Sept.  8,  1886. 
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proportion  to  those  in  other  specimenB  marked  f(,  and  referred  \o 
C.  Murehitonif  and  very  much  narrower  and  smaller  than  in  C.  gigas, 
we  separate  as  a  new  speoies,  to  be  called  C.  attenuata.  They  have 
straight  styles  and  stylets,  Tery  much  shorter  than  in  either  of  the 
foregoing. 

6.  Two  small  specimens  of  crushed  telsons  (one  in  Mr.  Cocking*s 
collection,  and  the  other  M.P.Q.  X  A*,  both  from  the  Ludlow  series), 
probably  smaller  than  C.  Murchisoni,  have  a  fluted  or  channelled 
sculpture  on  their  upper  part,  instead  of  either  wrinkles  or  leaf- 
pattern  ;  hence  they  may  be  regarded  as  belonging  to  a  distinct 
form,  for  which  the  name  canalictdata  will  be  convenient. 

7.  One  fine  large  carapace  (M.P.G.  X  i)  and  others  smaller  and 
less  definite  in  some  respects  (M.P.G.  X  +  ;  Xi;  Xi;  Ludlow 
Mus.  A ;  Oxford  Mus.  E  and  J),  and  associated  with  segments  and 
appendages,  we  regard  as  distinctive  of  a  new  species,  though  hitherto 
referred  to  C.  leptodaetylua  (lliird  Rep.  pp.  12,  16).  The  test 
appears  to  have  been  of  an  unusually  solid  consistency. 

These  carapaces  in  some  instances  have  been  much  modified  by 
pressure,  but  we  trace  a  close  similarity  throughout  the  series,  allow- 
ing for  probable  differences  of  age.  The  shape  approximates  to  that 
of  Dr.  James  Hall's  species  C.  acuminata  and  F.  Schmidt's  C, 
Noetlingi  (Third  Rep.  p.  30).  There  are  marked  differences,  how- 
ever, and  we  intend  to  designate  this  form  C.  JSalliana,  in  honour  of 
our  old  friend,  who  began  working  at  these  Phyllocarida  as  early  as 
1862. 

A  perfect  specimen  of  C,  acuminata.  Hall,  has  been  lately  described 
and  figured  by  Dr.  Julius  Pohlman  in  the  Bulletin  of  the  Buffalo 
Society  of  Natural  Sciences,  vol.  v.  No.  1,  1886,  pp.  28,  29.  pi.  3, 
fig.  2.  Its  caudal  appendages  are  much  like  those  of  C.  papilio  and 
C.  Btygia,  the  style  being  relatively  short,  and  the  stylets  broad  and 
blade-like.  The  appendages  in  M.P.G.  X  ^,  X  i,  and  Ludlow  Mus. 
A  are  different  irom  these,  being  thinner,  tapering  slowly,  and  pitted 
in  at  least  one  row,  as  exposed. 

8.  C.  Pardoeana,  La  Touche.  Two  carapaces  with  s^ments  and 
parts  of  appendages  from  Ludlow  (Ludlow  Mus.  B  and  D ;  Third 
Rep.  p.  12)  differ  from  any  other  form.  One  of  them  (B),  with  a 
wrong  caudal  appendage  attached  to  it,  in  the  Ludlow  Museum,  has 
been  labelled  *  0.  PardoeuBis,*  and  as  such  is  referred  to  in  J.  D.  La 
Touche's  Guidebook  to  the  Geology  of  Shropshire.  We  retain  this 
name  (altering  the  termination,  as  it  refers  to  a  person,  and  not  a 
place)  for  the  two  carapaces  here  referred  to.  One  of  them  (B)  is  of 
special  interest  as  having  its  roatrum  still  in  place. 

9.  The  fine  large  specimen  of  C.  ludenaiSf  H.  W.  (Third  Report, 
p.  16),  has  been  again  carefully  studied,  and  we  find  reason  to  believe 
that  the  caudal  appendage  which  appears  longest  in  the  fossil  was 
not  really  the  longest,  or  the  true  telson,  but  was  one  of  the  '  laterals ' 
or  stylets.  Hence  the  whole  animal  was  probably  much  longer  than 
our  former  estimate  made  it 

10.  C.  rohusia,  Salter  (Third  Report,  p.  24),  being  based  merely 
on  some  small  caudal  appendages  (Cambridge  Museum  a/926  and 
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a/926)  withont  oarapaoet,  is  troubleBome  and  nnsatisfaotory  to  deal 
with.  We  find  some  equivalent  styles  and  broad  blade-like  stylets, 
like  long  scalene  triangles,  in  C,  papUio,  atygia,  aciimtnata,  etc ;  bat 
none  of  these  seem  small  enough  for  the  several  little  sets  of  tnfid 
appendages,  more  or  less  perfect,  which  we  have  met  with.  (X  robuata 
takes  in  some  of  these ;  but  Oxford  Mus.  T  is  relatively  broad,  and 
might  be  termed  UUa ;  B.M.  68878,  from  Muirkirk,  has  very  narrow 
members  (anguata) ;  and  one  set  in  the  Owens  College  is  so  neat, 
symmetrical,  and  small  that  it  might  be  called  fntntcto. 

11.  The  specimens  Ludlow  Mus.  S.  and  M.P.G.  XiV  have  each 
a  long  style  and  a  strong  stylet  attached  to  a  broken  ultimate 
segment,  and  were  regarded  as  var.  Umga  in  the  Third  Report, 
p.  26.  Although  not  showing  the  lattice-pattern  so  often  seen  on 
the  segments  of  C.  papiUo  and  C.  stygia,  they  may  well  belong  to  one 
of  those  species,  and  the  ornament  may  have  flaked  off  ^m  the 
ultimate  segment  The  study  of  C.  papiUo  and  stygia  (Third 
Eeport,  pp.  16-20)  we  have  not  yet  exhausted  by  any  means.  We 
know,  however,  that  the  abdominal  segments  were  delicately  sculp- 
tured  with  leaf-like  or  lattice-pattern  ornament,  the  points  of  the 
triangles  pointing  upwards,  or  rather  backwards,  towards  the  cara- 
pace, and  one  limb  of  the  triangle,  where  free,  running  downwards 
and  outwards  in  the  other  direction.  These  oblique  lines  are  often 
visible  when  the  triangles  have  disappeared  from  wear  or  decora - 
position.  Among  many  others  the  segments  M.P.G.  X  iV* ;  B.M. 
41900 ;  Oxford  Mus.  A  and  H  exhibit  fine  examples  of  this  leaf-like 
ornament ;  and  it  is  visible  in  several  more  complete  individuals  in 
those  collections.  In  the  Braidwood  and  Glasgow  Museums  numer- 
ous specimens  show  it  well.     See  also  Third  Report,  p.  81. 

12.  A  small  and  very  delicate  specimen,  B.M.  69648,  has  a  thin 
subovate  carapace,  with  excessively  fine  parallel  longitudinal  striae, 
and  shows  14  or  16  segments,  some  within  and  five  outside  the 
carapace,  ending  with  a  neat  trifid  set  of  appendages.  This  differs 
from  any  other  form  we  know;  and  probably  some  small  loose 
bodies,  of  numerous  segments,  occurring  in  the  Lesmahago  shales 
(Third  Report,  p.  20)  may  be  of  the  same  species.  Its  looseness 
of  structure  would  suggest  the  name  laxa. 

13.  Of  C,  Salierianaf  noticed  as  a  new  species  in  the  Third 
Report,  p.  23,  we  have  not  yet  seen  any  additional  specimens. 

14.  The  specimens  which  we  referred  to  in  the  Third  Report 
pp.  23  and  24,  as  C.  cassia,  Salter,  are  separable  into  two  forms. 
C.  cassia  proper  is  recognized  on  an  interesting  slab,  of  which  one 
counterpart  is  in  the  Ludlow  Museum  (E  and  F)  and  the  other 
in  the  Museum  of  Practical  Greology  at  Jermyn  Street,  London  (Xf  )• 
The  other,  somewhat  similar,  but  larger  and  otherwise  different, 
specimens  are  not  unlike  in  the  characters  of  the  carapace,  but  they 
have  more  abdominal  segments  exposed  and  proportionally  longer 
caudal  appendages— M.P.G.  XifV;  B.M.  39400;  Ludlow  Mus.  K ; 
Oxford  Museum  L  and  Q.  These  might  be  conveniently  named 
C,  cassioides. 

In  all  the  specimens  of  both  kinds  the  carapace  has  been  ap- 
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parently  thin  and  tough,  bo  as  to  aHow  of  their  being  crumpled  very 
much.  This  condition  and  the  presence  of  harder  parts  of  their 
internal  organs  beneath  give  rise  to  varions  tubercular  irregularities 
of  the  surface,  in  some  oases  simulating  ocular  tubercles.  There  are, 
however,  no  real  eye-spots.  There  may  have  been  irregularities  of 
the  surface,  due  to  the  attachment  of  the  muscles  of  the  jaws  within 
the  body. 

15.  An  ovate  carapace,  represented  by  a  mere  film,  and  five 
abdominal  segments,  with  a  neat  trifid  tail,  all  flattened  but  very 
distinct,  have  no  close  ally  among  the  known  forms.  The  segments 
are  delicately  striate,  with  oblique  lines  on  each  side,  suggesting 
the  name  eampta,  which  we  propose  for  this  specimen — Ludlow 
Museum  £. 

16.  To  a  inomata,  M'Coy  (Third  Report,  pp.  20,  21),  we  have 
nothing  to  add,  except  that  some  large  specimens  (so  named, 
Cambridge  Mus.  h/S5)  have  a  greater  proportional  depth  (height) 
at  the  ventral  border  than  smaller  individuus,  and  yet  have  the  same 
general  outline  and  posterior  slope,  as  well  as  the  longitudinal  lineate 
ornament  (The  presence  of  this  sculpturing  is  not  in  accordance 
with  the  trivial  name.)  lliese  large  specimens  may  belong  to 
C.  stygia. 

In  the  Cambridge  Museum  is  a  specimen  (&/36)  of  two  abdominal 
s^ments,  with  a  style  and  a  stylet  in  good  preservation,  being 
convex  and  not  injured  by  pressure.  The  penultimate  segment 
is  smooth,  but  shows  faint  traces  of  oblique  lines ;  the  ultimate  is 
quite  smooth  and  cylindrical ;  the  telson  (style)  is  attached  by  an 
apparently  rounded  joint ;  and  the  two  uropods  much  resemble  some 
of  those  referred  to  C.  robusia.  This  specimen  is  from  Benson  Knot, 
and  is  labelled  C.  inornata ;  but  the  evidence  of  its  specific  relation- 
ship is  supported  only  by  its  having  been  found  in  the  same  rock, 
and  by  its  size  suiting  the  large  form  of  C,  inomata^  (6/35).  It 
belongs  possibly  to  C.  stygia. 

17.  From  the  list  for  C.  inomata,  given  in  the  Third  Beport,  we 
have  to  remove  one  of  the  specimens  found  at  Benson  Knot,  and 
marked  '  44342  *  in  the  British  Museum,  being  decidedly  dififerent 
in  outline  (more  ovate),  though  similarly  marked  with  longitudinal 
striiB.  It  might  well  be  named  C.  Buthvenianay  in  memory  of  the 
old  geological  collector  who  laboured  for  very  many  years  in  the 
Eendal  district  for  Professor  Sedgwick  and  others. 

18.  a  oreionensia  and  truncata,  H.W.  (Third  Beport,  pp.  21 ,  22), 
though  near  to  C.  inomata  in  shape,  hold  their  distinct  places  as 
species. 

19.  Of  C.  solenoides  and  C»  gohiiformi$  (Third  Beport,  p.  22) 
there  is  nothing  new  to  be  stated. 

20.  As  intimated  in  the  Third  Beport,  pp.  27,  28,  the  presence 
of  the  ocular  tubercle  has  an  important  signification,  showing  that 
the  animal  must  have  had  an  organ  equivalent  to  the  eye  sufficiently 
developed  to  affect  the  external  covering,  whether  it  was  adapted 
for  clear  vision  or  not.  It  may  be  a  family  distinction ;  at  all  events, 
the  oculate  carapaces  have  to  be  removed  from  Ceratiocaris  and  we 
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propose  that  M'Coy's  C.  eUiptiea  be  referred  to  a  new  genus  under 
the  name  Emmelezoe,^ 

E.  ellipUca,  M'Coy,  is  described  in  the  Third  Report,  p.  27,  as 
represented  by  the  type,  Cambridge  Mus.  b/l5 ;  but  Ludlow  Mus.  G, 
and  M.P.G.  XtV  and  if  differ  from  it  considerably.  The  first  of 
these  is  shorter  and  broader  (higher),  nearly  semicircular  in  outline, 
with  an  acute  and  projecting  postero-dorsal  angle ;  and  its  surface 
has  a  fine,  almost  silky,  linear  ornament  As  a  new  species  this 
might  be  known  as  E,  tenuistriata.  The  specimen  X.^  is  subovate, 
larger  than  either  of  the  other  two,  and  is  coarsely  striate,  with 
longitudinal  anastomosing  wrinklets  and  might  be  named  K  craan- 
striata.  M.P.G.  H  is  smaller  than  any  of  the  foregoing,  somewhat 
boat-shaped,  between  the  last  and  elliptica  in  shape,  but  not  identical 
with  either;  and  it  is  rather  coarsely  striate  longitudinally.  To 
this  form  we  propose  to  give  the  name  E,  Maccoyiana,  in  honour  of 
the  first  describer  of  any  member  of  this  genus. 

21.  At  page  26  of  the  Third  Report,  we  described  Salter's  Ceratio^ 
caris  ?  enais,  and  now  we  are  still  more  confirmed  in  the  opinion  that 
it  belonged  to  a  distinct  genus.  Its  large  size,  its  curvature,  and  the 
serration  on  both  the  upper  and  the  lower  edge,  and  the  profuse 
spination  (as  shown  by  pits)  on  the  latter  distinguish  it  from  other 
telsons ;  and  more  particularly  its  lozenge-shaped  sectional  area,  of 
an  unequal  rhombic  form,  blunter  at  the  outer  (upper)  and  convex 
edge  than  on  the  other,  the  ridge  along  the  sides  not  being  quite  on 
the  medial  line,  but  nearer  the  outer  than  the  inner  edge.  We  pro- 
pose  the  name  Xiphocaris '  for  this  rare  genus. 

M.  Barrande's  Ceratioearis  primula  (Third  Report,  p.  32)  has  a 
style  (or  stylet  ?)  with  lozenge-  or  diamond-shaped  section ;  but  this 
uropod,  though  curved,  is  of  different  dimensions,  and  is  pitted 
all  over. 

22.  Physocaris  vesica,  Salter  (Third  Report,  p.  28)  we  consider 
as  having  had  its  abdominal  segments  shifted  from  below  upwards, 
and  turned  over  on  their  axis,  after  death ;  and  therefore  as  having 
been  figured  upside  down. 

23.  Of  C.  f  latay  insperata,  and  peromata  we  have  no  further 
evidence  at  present 

24:.  Ceratiocaris  ?  longicauda,  D.  Sharpe  (Third  Report,  p.  29), 
a  foreign  (Portuguese)  form  within  our  reach  has  been  studied  in 
the  Geological  Society's  Museum,  Burlington  House,  and  shows  some 
interesting  features.  Its  scientific  name  was  given  under  the  suppo- 
sition that  the  fossil  was  a  Dithyrocaris,  with  a  longer  abdomen  than 
usual ;  but  its  cylindrical  ultimate  segment,  its  somewhat  bayonet- 
shaped  style,  and  blade-like  stylets  clearly  remove  it  from  that 
genus,  as  intimated  in  our  former  notice.  It  is  probably  distinct 
also  from  Ceratiocaris;  it  has  some  analogy  with  the  Devonian 
Elymocaris ;  but  at  present  we  cannot  fix  its  generic  place. 

26.  In  the  Sitzungsb.  K.  bohm.  Ges.  Wiss.  1885,  M.  Ottamar 
Novak,  Keeper  of  the  Barrande  Collection  at  Prague,  has  described 

^  *E^ifjL9\'fis,  elegant ;  (wfi,  life  (a  termination  common  in  some  of  M.  Barrande*8 
genera).  >  Ul^St  a  sword ;  leapts,  a  shrimp. 
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a  new  Phyllooaridal  genus  from  the  Hage  F,  f  2,  in  Bohemia,  as 
JPiychocaris,  with  two  species  Ft,  simplex  and  Pt.  parvtiUif  character- 
ized by  a  strong  and  obliquely  longitudinal  ridge  or  sharp  fold  on 
each  Yalve,  and  by  an  anterior  group  of  three  small  nodules,  an 
ocular  tubercle  behind  them,   and   some  larger  but  less  distinct 
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swellings  farther  back,  but  still  Id  the  antero-dorsal  region.  M. 
Novdk  supplies  also  a  table  of  the  vertioal  distribution  of  the  Fhyllo- 
earida  in  Bohemia. 

In  the  Annales  XTIL  Soc.  Q^ol.  du  Nord,  3""  Livr.  April.  1886, 
p.  146,  M.  E.  Canu  gives  a  rSsumd  of  the  results  of  M.  O.  Novdk'a 
researches  in  the  Phylloearida,  with  some  woodcuts  of  Aristozoe 
regtna,  Bactropus  longipes,  and  Ceratiocaris  dehilis  (see  Third 
Beport,  pp.  32-34),  and  of  Ptychocaris  simplex  (see  above). 

26.  Dr.  A.  S.  Packard,  jun.,  has  described  and  figured  some 
peculiar  appearances  on  an  internal  cast  of  a  Carboniferous  Phyllo- 
podous  carapace  from  Illinois,  as  traces  of  four  pairs  of  lamellate 
limbs  (thoracic  feet),  probably  "  the  homologues  of  the  exopodites  of 
Nebalia.'*  He  has  defined  the  genus  and  species  as  Cryptozoe  prO' 
hlematica  (American  Naturalist,  Extra,  Feb.  1886,  p.  156 ;  and 
Proceed.  Americ.  Philosoph.  Soa  vol.  xxiii.  No.  123,  pp.  380-383). 

27.  In  a  Geological  Report,  Assembly  Document,  No.  161,  188t5 
(or  1886),  Mr.  J.  M.  Clarke  has  defined  the  localities  and  geological 
succession  in  Ontario  County  and  New  York,  where  the  Phyllopods 
which  he  previously  described  (see  *  Second  Keport,'  1884,  pp.  8(>-86, 
and  *  Third  Beport,'  p.  3)  have  occurred  with  or  without  Goniatitea. 

28.  A  list  of  the  British  Palsaozoic  Phylloearida  described  in  the 
Third  and  Fourth  Beports  is  given  on  the  preceding  page  (p.  461). 


lTOa?ICES      OIF      ISdlElwIIOII^S- 


L — Bbcobds  of  thk  Gbologioal  Survey  of  India,  vol.  xix.  pL  2. 

1886. 

TWO  short  papers  in  this  part  relate  to  the  disputed  age  of  the 
beds  in  the  Salt  Bange,  containing  species  of  Conxdaria,  The 
first  is  "  A  Note  on  the  Olive  Group  of  the  Salt-range,"  by  R  D. 
Oldham,  A.B.S.M.,  and  the  other  "  Memorandum  on  the  Discussion 
regarding  the  Boulder-beds  of  the  Salt-range,"  by  H.  B.  Medlioottj 
F.B.S.  Mr.  Oldham  visited  the  locality  in  the  Salt-range,  in  which 
the  Contdaria  beds  occur,  and  states  that  the  thin  band  of  gravel  in 
which  they  appear  is  the  last  kind  of  rock  in  which  one  would 
d  priori  expect  concretionary  nodules  to  be  formed.  At  the  same 
time  he  believes  that  for  the  most  part  these  fossiliferous  pebbles 
were  originally  concretionary  nodules,  and  that  they  have  been 
transported  into  their  present  position.  From  the  character  of  the 
associated  pebbles  in  the  beds  beneath,  he  believes  that  the  original 
position  of  the  beds  from  which  the  ContUarias  come  must  have  been 
to  the  southwcu*d  of  where  they  now  are.  He  further  concludes 
from  the  stratigraphical  relations  of  the  beds,  that  the  Olive  group 
(including  the  gravel-bed  with  Connlaria)  is  homogeneous,  and  must 
be  associated  with  the  overlying  nummulitio  beds,  rather  than  with 
the  underlying  PalsBOzoic  or  early  Secondary  beds. 

Mr.  Medlicott  does  not  admit  that  the  petrological  evidence  brought 
forward  by  Mr.  Oldham  is  altogether  conclusive  as  to  the  transported 
origin  of  the  fossiliferous  pebbles,  though  it  would  be  "almost  absolute 
if  he  could  assert  that  the  ground-mass  of  the  gravel-bed  is  quite 
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different  from  tbat  of  tbe  fossiliferons  pebbles  in  tbe  bed."  Furtber, 
even  supposing  tbe  correotness  of  Mr.  Oldbam's  tbeory,  tbat  tbe 
fossiliferoQS  pebbles  are  ooncretionary  nodules,  it  does  not  at  all 
explain  tbe  presenoe  of  tbis  small  special  fauna  in  a  distinct  bed  by 
itself.  Mr.  Medlioott  asks  tbe  following  pertinent  question :  **  Is  it 
conceivable  tbat  in  Upper  Cretaceous  time,  wben  tbe  abundantly 
fossiliferous  Permian  and  Secondary  deposits  were  in  force  in  tbe 
neigbbourbood,  and  presumably  exposed  to  denudation,  if  older 
deposits  were  so,  a  special  collection  of  fossils  from  tbose  older 
fossils  can  bave  been  raked  togetber,  transported  togetber,  and 
deposited  togetber  at  a  distance,  by  tbe  promiscuous  process  of 
detrital  agency  ?  "  '*  So  long  as  special  PalsBOzoic  fossils  only  are 
found  in  tbese  beds,  tbeir  Upper  Cretaceous  age  will  be  open  to 
doubt" 

Tbis  argument  bas  great  force ;  and  evidence  of  a  more  decided 
cbaracter  will  be  required,  before  tbe  relative  age  of  tbe  Conularia 
beds,  and  tbe  boulder-beds  underlying  tbem,  can  be  regarded  as 
setded.  G.  J.  H. 

II. — Memoirs  op  the  Geological  Survey  of  India.  Pal^bonto- 
LOGiOA  Indioa.  Ser.  xiii.  Salt  Range  Fossils,  by  William 
Waagen,  Ph.D.,  F.G.S.,  and  Joseph  Piohl.  I.  Produotus- 
LiMESTONE  Fossils:  5.  Brtozoa — Annelida — Eghinodermata. 
Witb  ten  plates,  87—96. 

THE  autbors  reject  from  tbe  Bryozoa,  and  regard  as  Corals,  sucb 
forms  as  Stenopora,  Moniiculipora,  and  allied  genera.  Tbe 
Bryozoa  described  belong  to  tbe  families  of  tbe  Fenestellidsd  and 
Tbamniscidsd.  In  tbe  first  of  tbese  families  tbe  following  species 
are  recorded :  Fenestella  pereleganSf  Meek,  F.  jahiensis,  n.,  Polypora 
Koninckiana,  n.,  P.  megastoma,  Eon.  sp.,  P.  gigantea,  n.,  P.  omata, 
n.,  P.  sykesi,  Kon.  sp.,  P.  biarmica,  Keyser,  P.  vermicularis,  n.,  P. 
iransienSf  n.,  Phyllopora  jabiensisy  n.,  P,  cribellum,  Kon.,  P,  haimeana. 
Eon.,  Synocladia  virgtUacea,  PhilL,  Ooniodadia  indica^  n.  In  tbe 
family  TbamniscidsB  are  ranged  Thamniscus  dubim,  Scblot,  T.  serialis, 
n.,  and  Aeanthoeladia  anreps,  Scblot.  In  tbe  Annelidas,  Spirorbis 
helix,  Eing,  and  Serptdites  indicus,  n.,  are  described.  Fragmentary 
plates  and  species  of  Eocidaris  Forbesiana,  Eon.,  are  noted.  Tbe 
following  species  of  Crinoids  are  present :  Oyathocrinus  goliathuSy  n., 
0.  virgulensiSy  n.,  C,  indicus,  n.,  C.  BcUtaensis,  Hydriocrinus  ?  sp.  indt, 
Poterioerinus,  sp.  indt,  and  Philocrinus  cometa,  Eon.  Tbe  descrip- 
tions of  tbese  species  are  very  carefully  and  fully  drawn  up,  and 
tbey  are  excellently  illustrated  in  tbe  accompanying  plates.     G.J.H. 


HL — Notice  sur  le  Parallelisms  entrb  lb  oaloaire  CARBONiFisa 
Du  nord-ouest  de  l*Angleterre  et  oelui  de  la  Belgiqub; 
par  L.  G.  de  Eoninok  et  Maximin  Lohest.  (Bruxelles,  Bulletins 
de  TAcademie  royale  de  Belgique,  8°**  s6rie,  t.  xi.  No.  6,  1886.) 

ONE  of  tbe  autbors  bas  lately  examined  tbe  borizontal  beds  of 
conglomerate  of  wbite  quartz  pebbles  in  a  calcareous  matrix, 
wbicb,  in  tbe  neigbbourhood  of  Ingleborougb,  rest  unconformably 
on  Silurian  strata,  and  form  tbere  tbe  base  of  tbe  Carboniferous 
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By  stem.  The  fossils  in  these  beds  comprise,  amongst  others,  Liiho- 
sirotion  haaaJti/ormet  species  of  Amplexus  and  Zaphrentis,  and  teeth 
of  Placoids,  some  of  which  are  recognized  as  Lophodus  Icevitsiwtus, 
Ag.y  and  Copodus  comutus,  Ag.  Resting  on  the  conglomerates  are 
grey  limestones  with  an  abundance  of  Chonetes  papilionaceot  PhilL 
In  these,  and  the  beds  below,  Productua  giganieus  is  conspicuously 
absent,  whilst  it  is  extremely  abundant  in  the  limestone  beds  of  the 
series  above.  In  the  Belgian  Carboniferous  Limestone  series  there 
are  no  conglomerates  like  those  at  Ingleborough,  but  at  the  base  of 
the  limestones  with  ProdiuUus  giganieus  and  P.  eora,  forming  the 
'  Calcaire  de  Vise,'  there  are  some  beds  distinguished  by  the  abun- 
dance of  Chonetes  papilionacea,  and  between  these  and  the  Upper 
Devonian  strata  there  is  a  great  thickness  of  beds  containing  Corals  and 
Placoid  teeth,  analogous  to  those  in  the  Ingleborough  Conglomerates, 
and  the  authors  therefore  conclude,  that  these  Lower  Limestones, 
beneath  the  Calcaire  de  Vise,  are  represented  in  part  by  the  Yorkshire 
Conglomerates,  which  are  not  more  than  about  180  feet  in  thickness. 
On  the  other  hand,  the  zone  of  Productus  giganieus  in  the  north  of 
Yorkshire  attains  a  much  greater  thickness  than  in  Belgium. 

Q.  J.  H. 

IV. — Fifth  Annual  Report  op  the  United  States  Geological 
Survey,  1883-84.  By  J.  W.  Powell,  Director.  4to.  pp.  469, 
58  Plates  and  143  Figures.  (Washington,  Government  Printing 
Office,  1886.) 

AT  the  beginning  of  this  massiye  volume  the  Director  of  the 
Survey  gives  an  epitome  of  the  work  carried  out,  together 
with  the  financial  statement,  from  which  it  appears  that  the  year's 
expenditure  for  the  Survey  amounted  to  nearly  330,000  dollars,  or 
about  £67,300.  This  is  followed  by  brief  administrative  reports  of 
chiefs  of  divisions  and  heads  of  independent  parties,  from  which 
an  idea  may  be  formed  of  the  extent  and  variety  of  the  operations 
included  in  the  Survey.  Thus,  the  chief  geographer,  Mr.  Henry 
Gannett,  reports  that  topographical  field  work  had  been  actively 
carried  on  by  diflferent  parties  in  Northern  California,  Arizona,  New 
Mexico,  Montana,  the  Yellowstone  Park,  Massachusetts,  the  Denver 
District  of  Colorado,  and  part  of  the  Elk  Mountains.  The  party 
under  the  charge  of  Mr.  Arnold  Hague  was  engaged  in  working  out 
the  geology  of  the  Yellowstone  National  Park,  and  studying  the 
physics  of  geyser  action  in  that  district.  Mr.  T.  C.  Chamberlain 
reports  on  the  investigations  made  by  himself  and  others  under  him 
in  tracing  out  the  moraines  and  other  glacial  deposits  in  the  upper 
valleys  of  the  Mississippi  and  Missouri,  in  Dakota,  and  also  in 
Illinois,  Indiana,  Ohio,  and  Kentucky.  The  division  under  Prof. 
Eoland  D.  Irving  is  engaged  in  a  general  investigation  of  the 
Archaean  formations  of  the  North-western  States,  and  its  field  of 
operations  extended  from  Northern  Michigan  to  the  country  on  the 
north-west  of  Lake  Superior.  Dr.  F.  V.  Hay  den  studied  the  relations 
of  the  Laramie  Group  and  other  Cretaceous  rocks,  exposed  between 
the  Missouri  at  Bisraark,  Dakota,  and  the  Yellowstone  at  Glendive, 
Montana.     Mr.  G.  K.  Gilbert  and  his  assistants  carried  on  their 
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^ork  of  investigating  the  Quaternary  Lakes  of  the  Great  Basin  in 
Utah  and  California.  Mr.  W.  J.  M'Gee  reports  on  the  progress  made 
in  preparing  a  general  geological  map  of  the  United  States,  as  well 
as  on  his  studies  of  the  superficial  deposits  of  the  district  of  Columbia 
and  adjacent  territory.  Captain  C.  E.  Dutton  is  engaged  in  studying 
the  chain  of  volcanoes  constituting  the  Cascade  Range  in  California, 
Oregon,  and  Washington  Territory.  Mr.  S.  F.  Emmons  reports  on 
mining  geology  of  the  Rocky  Mountains,  and  Mr.  G.  T.  Becker  on 
the  quicksilver  mining  district  of  Knoxville  in  California.  Prof. 
0.  C.  Marsh  states  that  eight  dififerent  parties  were  engaged  in  collect- 
ing fossils  in  Oregon,  Wyoming,  Kansas,  and  Nebraska,  and  that  his 
monographs  on  the  Sauropoda  and  the  Stegosauria  were  in  course  of 
completion.  Dr.  C.  A.  White  was  engaged  in  studying  the  Laramie 
Group  on  the  Upper  Missouri,  and  on  various  palsBontological 
investigations  in  Washington  and  California.  Mr.  C.  D.  Walcott, 
assisted  by  Prof.  H.  S.  Williams  and  others,  has  studied  the  Devonian 
and  other  Palaeozoic  rocks  of  New  York,  Tennessee,  Virginia,  Vermont 
and  Alabama.  Mr.  Lester  F.  Ward  has  been  collecting  and  arrang- 
ing the  fossil  plants  of  the  Fort  Union  Group  on  the  Yellowstone 
and  Upper  Missouri  rivers.  The  chemical  work  of  the  Survey  is 
directed  by  Mr.  F.  W.  Clarke,  whilst  Mr.  A.  Williams  is  engaged  on 
the  statistics  of  metals ;  and,  finally,  Mr.  G.  W.  Shutt  traces  the 
course  of  a  preliminary  geological  investigation  in  Virginia. 

These  administrative  reports,  however,  only  occupy  sixty-six  pages 
of  the  volume ;  the  remaining  400  pages  contain  a  series  of  elaborate 
essays  on  different  branches  of  geological  science,  each  of  which  is 
treated  in  considerable  detail,  and  abundantly  and  beautifully  illus- 
trated. We  can  here  but  mention  the  titles  of  the  different  treatises 
and  the  authors'  names,  and  refer  the  reader  to  the  volume  itself. 
The  first  treatise  is  on  "  The  Topographic  Features  of  Lake  Shores," 
by  G.  K.  Gilbert.  This  is  followed  by  "The  Requisite  and  Qualifying 
Conditions  of  Artesian  Wells,"  by  T.  C.  Chamberlain;  "Preliminary 
Paper  on  an  Investigation  of  the  Archsdan  Formations  of  the  North- 
western States,"  by  R.  D.  Irving;  "The  Gigantic  Mammals  of  the 
Order  Dinocerata,"  by  Prof.  0.  0.  Marsh ;  "  Existing  Glaciers  of 
the  United  States,"  by  T.  C.  Russell ;  and  "  Sketch  of  Paleaobotany," 
by  Lester  F.  Ward.  G.  J.  H. 

DB  E  V  I  E  -W  S. 


Department  of  the  Intbriob.  Report  of  the  United  States 
Geological  Survey  of  the  Territories.  F.  V.  Hayden,  United 
States  Geologist-in-Charoe.  Volume  III.  The  Vertebrata 
OP  the  Tertiary  Formations  of  the  West.  Book  I.  By 
Edward  D.  Cope,  Member  of  the  National  Academy  of  Sciences. 
(Washington,  Government  Printing  Office,  1883.) 
{Continued  from  p.  419.) 

BATS  are  scantily  represented  in   the  Bridger  fauna,  the  only 
American  species  described  by  Professor  Cope  being  Vesperugo 
anemophilw,  which  has  the  inferior  molars  like  those  of  Didelphys^ 
dbcaob  m. — VOL.  ni, — ko.  x.  30 
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We  now  tnm  to  the  ^ronp  division  of  boofed  mammals.  The  first 
order,  which  the  author  names  Taxbopoda,  comprises  animals,  in 
which  the  carpus  and  tarsus  form  two  rows,  with  the  bones  of  the 
first  row  supported  by  the  second  row,  each  for  each,  so  as  not  to 
alternate.  The  order  is  defined  as  having  the  scaphoid  bone  supported 
by  the  trapezoid,  and  the  lunar  bone  supported  by  the  magnum.  The 
cuboid  bone  articulates  proximally  only  with  the  calcaneum.  This 
group  comprises  the  Htbaooidba,  in  which  the  fibula  articulates  with 
the  astragalus,  and  the  ungual  phalanges  are  truncate;  secondly, 
the  CoNDYLABTHRA,  in  which  the  fibula  does  not  articulate  with 
the  astragalus  or  calcaneum,  and  the  ungual  phalanges  are  pointed. 
A  third  group  may  be  formed  by  the  Toxodontia,  or  the  Toxodontia 
may  belong  to  the  Proboscidea. 

The  Amblypoda  is  an  order  which  is  subdivided  into  two  groups, 
first,  Fanlodonia,  which  has  a  third  trochanter  to  the  femur,  and 
incisor  teeth  in  the  upper  jaw ;  and  secondly,  Dtnocerata,  which 
has  no  upper  incisors,  and  no  third  trochanter.  The  Amblypoda 
are  defined  from  the  Proboscidea,  chiefiy  by  the  shortness  of  the 
navicular  bone,  which  allows  the  cuboid  bone  to  articulate  vrith  the 
astragalus. 

The  name  Diplabthba  is  used  as  an  ordinal  name  for  the  Perisao- 
dactyla  and  Artiodactyla,  in  place  of  the  name  Ungulata,  which  is 
made  to  include  all  hoofed  mammals. 

This  classification  is  exhibited  in  the  following  diagram : — 
Taxbopoda. 

Condylartbra  Platyarthra 

I               I  I    (hypothetical). 

Hyracoidea            |  | 

Fboboscidba  Amblypoda 

TaiiK 


Hyodonta         Pantodonta 
(hypothetical).  | 

I  Dinocerata 

DiPLAETH&A 

I  I 

Perissodactyla.        Artiodactyla. 

The  carpal  modification  which  characterizes  the  Diplarthra  is 
explained  as  a  rotation  of  the  bones  of  the  second  carpal  row  upon 
those  of  the  first  row,  in  which  they  move  to  the  inner  side,  a  con- 
dition attributable  to  the  loss  of  the  poUex,  by  which  the  weight  of 
the  body  is  thrown  chiefly  on  the  third  and  fourth  digits.  And 
seeing  that  this  condition  has  brought  about  the  alternation  of  the 
two  rows  of  carpal  bones,  producing  a  stronger  carpus,  the  author  is 
disposed  to  regard  the  modification  as  accounting  lor  the  survival  of 
the  Diplarthra,  while  most  of  the  mammals  which  have  a  serial 
arrangement  of  the  carpal  bones  have  become  extinct. 

The  Amblypoda  is  intermediate  between  the  Taxeopoda  and  Di- 
plarthra, in  having  the  carpus  of  the  more  complicated  type.  The 
Taxeopoda  approach  most  nearly  to  the  Bunotheria,  especially  the 
Mesodonta,   from  which  they  are   distinguished    by   their   hoofs, 
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though  some  Creodonts  like  Meaonyx  have  olaws  which  are  almost 
hoofs  in  character. 

The  Condylarthra  comprise  three  families;  they  are  primitive 
ungulates,  with  five-toed,  plantigrade  feet,  with  the  astragalus  like 
that  of  the  Creodonta  and  Carnivora,  and  have  other  characters  known 
only  among  Unguiculates.  The  lowest  representative  of  this  group 
is  the  Periptychidae.  It  comprises  four  genera.  In  Periptychua  the 
inferior  premolar  teeth  have  internal  lobes,  while  in  the  other  genera, 
AntBonehus,  ffemithlaua,  and  Maploconus,  the  internal  lobes  are  want- 
ing. The  crowns  of  the  true  molars  have  seven  tubercles  ;  the 
canines  are  of  moderate  size,  and  the  inferior  incisors  smalL 


Upper  Jaw  (a).        Mandible  {b).        Feripiyehut  rhabdodon. 


F$riptyehu9  rhabdodon. 

The  true  molars  in  the  mandible  have  four  principal  cusps,  in 
opposite  pairs,  with  accessory  median  cusps  in  front  and  behind.  The 
angle  of  the  lower  jaw  is  not  inflected,  and  the  coronoid  process 
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rises  near  to  the  oondyle.  The  cerebral  hemispheres  are  long  and 
narrow,  divided  by  a  long  flat  crus  from  the  olfactory  lobes,  which 
are  nearly  as  wide  as  the  cerebral  hemispheres.  The  affinities  of  this 
type  are  not,  however,  regarded  as  absolutely  determined.  The 
premolar  teeth  have  a  sculpture  which  is  not  unlike  that  seen  in  the 
fourth  premolar  of  Ptilodus,  yet  there  are  no  other  reasons  for  sup- 
posing it  to  be  marsupial.  The  characters  of  the  astragalus  are  not 
unlike  those  seen  in  the  Creodonta,  but  other  structures  indicate  that 
it  was  probably  ungulate.  Three  species  are  known,  among  which 
F,  rhahdodoH  is  fully  described.  Its  cervical  vertebrae  are  as  short  as 
in  the  Elephant.  The  humerus  especially,  in  its  small  tuberosities, 
suggests  the  Proboscidea,  though  the  animal  was  only  about  the  size 
of  the  Collared  Peccary,  and  is  thought  to  have  had  much  the  aspect 
of  the  short-necked  Bear.  The  teeth  indicate  omnivorous  habit  It 
is  the  most  abundant  Mammal  of  the  Puerco  beds.  Many  of  the 
other  types  in  this  family  like  the  species  of  HemithlcBUS,  Anisonchus, 
and  Haploconus,  are  known  from  little  more  than  the  dentition,  which 
varies  in  the  number  and  form  of  the  cusps  of  the  upper  molar  and 
pi*emolar  teeth. 

The  PhenacodontidsB  is  an  allied  group  of  four  genera,  in  which 
the  teeth  have  much  the  same  general  plan  as  that  just  described. 
Protogonia  has  but  one  external  lobe  in  the  upper  premolar  teeth. 
In  Fhenacodua  the  fourth  premolar  has  two  external  lobes,  while  in 
Dtacodexis  the  two  external  lobes  are  found  in  the  second,  third,  and 
fourth  teeth. 

Under.  Upper.  Side. 


Brain  of  Phenacodua  primoious. 
Professor  Cope's  earlier  and  brief  account  of  Phenacodm  has 
already  been  reproduced  in  the  February  Number  of  this  Magazine. 
The  detailed  description  now  given  is  a  monograph  extending  to 
more  than  sixty  pages.  The  skull  in  this  type  is  remarkable  for  the 
anterior  shortening  of  the  nasal  bones,  so  as  to  give  a  superior  aspect 
to  the  nostrils,  and  these  bones  extend  back  closer  to  the  orbit  than 
is  usual  in  Eocene  genera,  making  a  slight  approach  to  the  Tapir. 
The  slender  premaxillary  bones  are  not  united  in  front ;  and  the 
rami  of  the  mandible  have  no  bony  union.     The  cerebral   hemi- 


Digitized  byVjOOQlC 


TeHiarp  Vertebrata  of  the  West.  469 

spheres  are  nnnsually  small,  being  only  one-fourth  longer  than  the 
cerebellam,  from  which  they  are  separated  by  a  thick  tentorium.  In 
the  same  way,  deep  grooves  divide  the  hemispheres  from  each  other, 
and  from  the  olfactory  lobes  in  front.  Nine  species  are  recognized, 
seven  of  which  are  defined  by  the  characters  of  teeth  in  the  mandible. 
In  the  description  of  P.  Vortmani  indications  are  given  that  the 
spine  of  the  scapula  is  recurved,  as  in  the  Amblypoda  and  Proboscidea; 
while  the  bone  differs  chiefly  from  that  of  the  Dinocerata  and 
Proboscidea  in  the  addition  of  an  acromion,  which  gives  a  resem- 
blance to  some  Rodents  like  the  Squirrel.  The  tuberosities  of  the 
humerus  are  less  developed  than  in  most  Diplarthra.  The  propor- 
tions of  the  ulna  and  radius  are  similar  to  those  of  Hyrax,  but  the 
distal  articulation  of  the  ulna  is  like  that  of  a  Carnivore.  The 
pelvis  is  intermediate  between  that  of  Hyrax  on  the  one  hand  and 
Cania  and  Ursw  on  the  other.  The  femur  is  rather  more  robust  than 
that  of  the  Tapir.  The  astragalus  is  small,  and  resembles  that  of 
Hyrachym.  This  species  was  about  as  large  as  a  Bulldog,  but  with 
a  smaller  head  and  shorter  neck,  which  had  more  the  proportions  of 
a  Raccoon.  The  feet  resembled  those  of  the  Tapir  or  Rhinoceros, 
but  with  a  pair  of  short  toes  on  each  side  which  did  not  reach  the 
ground.    The  tail  was  like  that  of  a  Dog. 

The  third  family  of  Condylarthra,  Meniscotheriid»,  includes  the 
single  genus  Meniacotherium.  The  animal  was  about  as  large  as  a 
Fox,  less  slender  than  PhenacoduSy  with  a  short  muzzle  and  large 
eyes,  the  robust  proportions  of  a  Raccoon,  and  a  large  tail.  It  was 
one-third  larger  than  the  Cape  Hyrax,  probably  a  vegetable  feeder, 
and  distinguished  by  its  dentition.  The  upper  molars  have  inter- 
mediate tubercles,  of  which  the  anterior  are  orescent-shaped,  the 
posterior  oblique.  The  inferior  molars  and  last  premolar  have  two 
V-shaped  folds.  The  brain  cavity  is  relatively  larger  than  in  Phena' 
codm.  Three  species  of  the  genus  are  known.  The  comparisons 
chiefly  indicate  relations  with  Phenaeodua  and  Hyraeothertum. 

The  Amblypoda  next  claim  attention.  This  group  comprises 
mammals  with  small  cerebral  hemispheres,  which  leave  the  olfactory 
lobes  and  cerebellum  exposed.  The  species  have  short  plantigrade 
feet,  terminating  in  the  known  genera  in  five  digits,  which  have 
flat  hoof-bearing  terminal  phalanges.  The  seven  bones  of  the  carpus 
are  distinct  The  molar  teeth  have  wide  crowns  and  crests  invested 
with  enameL  The  structure  of  the  feet  indicates  an  affinity  to  the 
Proboscidea,  which  is  most  obvious  in  the  hind  foot,  the  principal 
difference  being  that,  while  the  navicular  bone  extends  over  the 
distal  end  of  the  astragalus  in  Proboscidea,  the  navicular  bone  is  so 
short  in  Amblypoda  as  to  allow  the  cuboid  to  come  in  contact  with 
the  astragalus.  The  nearest  approach  to  this  condition  of  the 
Amblypoda  is  seen  in  the  Miocene  Perissodactylate  genus  Symhorodon, 
where  the  cuboid  and  navicular  facets  are  flat,  and  separated  by  an 
oblique  line,  so  as  to  be  similarly  incapable  of  hinge-like  movements. 
In  the  fore  foot  the  difference  between  Amblypoda  and  Proboscidea 
consists  in  the  alternating  position  of  the  elements  of  the  two  carpal 
rows.      This  alternating  condition  is  usual  in  the    cold-blooded 
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Yertebrata;  and  is  oharacteristio  of  the  other  existing  orders  of 
hoofed  Mammals,  while  in  the  Proboscidea  and  Hyraooidea  the 
elements  of  the  two  rows  of  carpal  bones  have  an  opposite  and 
longitudinal  mode  of  arrangement  In  Amblypoda  the  plan  of  con- 
struction of  the  fore  foot  is  about  equally  related  to  Proboscidea, 
Perissodactyla,  and  Artiodactyla.  The  brain  shows  affinities  with 
Cheiroptera,  Insectivora,  and  Edentata.  In  this  relation,  the  forms 
of  the  teeth  in  some  Insectivora  show  interesting  resemblances  to  the 
fossil  genera  Coryphodon  and  Bathyopsis ;  while  the  small  smooth 
cerebral  hemispheres  and  relatively  large  size  of  the  optic  and 
olfactory  lobes  in  Amblypoda  make  a  nearer  approximation  to  the 
Creodonta  than  to  any  existing  group  of  Mammals.  On  the  whole, 
the  Amblypoda  are  to  be  classed  as  the  most  generalized  order  of 
hoofed  Mammalia.  They  preceded  the  other  groups  in  time,  and 
may  therefore  hold  an  ancestral  relation  to  them.  The  order  is 
divided  into  two  suborders ;  first,  the  Pantodonta,  which  has  superior 
incisor  teeth  and  a  third  trochanter  to  the  femur;  secondly,  the 
Dinocerata  in  which  both  these  characters  are  absent.  Both  groups 
have  short  cervical  vertebrsB  without  ball  and  socket-joints,  inter- 
mediate in  character  between  those  of  Proboscidea  and  other  Un- 
gulates,— characters  with  are  repeated  in  the  scapula,  ilium  and 
many  details  of  the  skeleton. 


Skull  of  Coryphodon  $lephantoput^  )  natural  size,  seen  from  below. 

The  Pantodonta  in  America  comprises  five  genera,  Baihmodon^ 
Ectacodotiy  Manteodon,  Coryphodon,  and  Meiahphodon,  and  are 
limited  at  present  to  the  Wasatch  beds  in  the  Rocky  Mountain 
region.  Metalophodon  may  possibly  be  identical  with  Bathmodonj 
since  its  feet  are  at  present  unknown.  In  the  Pantodonta  the 
symphysis  of  the  mandible  is  furnished  with  teeth.  The  upper 
surface  of  the  astragalus  is  fiat  or  concave  in  the  middle,  and  turned 
inward ;  it  has  a  large  vertical  fibular  facet, — characters  which  are 
shared  with  the  Dinocerata.     The  coracoid  process  of  the  scapula  is 
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prodnoed  into  a  oarved  hook.  The  neck  is  longer  than  in  the 
Dinocerata. 

The  genus  Manieodon  has  two  interior  onsps  to  the  last  upper 
molar  tooth,  and  all  the  upper  molars  have  a  marked  V  shape. 
Ectacodan  has  only  one  inner  cusp,  and  one  external  onsp  to  the 
last  upper  molar,  while  only  the  two  anterior  molars  have  the 
posterior  V  form.  Coryphodon  has  no  external  cusp;  and  the 
astragalus  is  transverse,  with  an  internal  hook.  This  genus  is 
thought  to  have  resembled  the  Bears  in  aspect  more  than  any  living 
animals,  except  that  their  feet  were  more  like  those  of  the  Elephants. 
The  feet  indicate  a  heavy  elephantine  type  of  movement,  owing  to 
the  inflexibility  of  the  ankle.  The  species  varied  in  size  between 
the  bulk  of  a  Tapir  and  that  of  an  Ox;  they  were  omnivorous,  though 
armed  with  tusks  in  both  jaws,  which  are  fully  as  marked  as  those  of 
Camivora.  There  are  about  twelve  American  species,  some  of  which 
are  well  known  from  New  Mexico.  They  are  distinguished  chiefly 
by  relative  length  of  the  premaxillary  bones,  and  variations  in 
development  and  form  of  the  cusps  and  tubercles  of  the  teeth. 

The  material  for  an  account  of  this  genus  is  less  full  than  in 
Professor  Cope*s  report  in  Lieut  Wheeler's  survey.  The  species 
C.  elephantopui  most  nearly  approaches  the  genus  Manteodon,  and  is 
defined  by  the  inner  half  of  the  posterior  crest  of  the  hinder  upper 
molar,  forming  a  V  shape,  like  that  of  the  penultimate  molar.  The 
profile  of  the  skull  is  Tapiroid ;  the  frontal  and  parietal  bones  are 
wide  above,  so  as  to  overhang  the  temporal  fossaa.  The  jaw  is  con- 
tracted behind  the  canine  teeth,  and  the  expansion  of  the  pre- 
maxillary region  is  rounded.  The  zygomatic  arch  widens,  so  that 
the  malar  bone  is  carried  out  laterally  far  beyond  the  plane  of  the 
maxillary  bone.  All  traces  of  sutures  are  obliterated,  and  the  pos- 
terior halt'  of  the  head  is  roughened  above  by  shallow  pits  and 
wrinkles  like  those  seen  in  many  Reptiles.  The  palatal  surface 
is  widest  between  the  posterior  incisors.  The  interspaces  between 
the  incisor  teeth  are  as  wide  as  their  roots.  The  large  canine  teeth 
are  well  worn  on  the  anterior  face,  and  the  molars  are  well  worn  by 
mastication.  Bathmodon  is  an  allied  genus,  in  which  the  astragalus 
is  subquadrate,  narrower,  and  wants  the  internal  hook  seen  in 
Coryphodon.  At  present  the  skull  is  unknown,  and  it  is  possible 
that  some  species  of  Coryphodon  may  belong  to  this  type. 

Bathmodon  paehypus  is  the  only  Coryphodont  with  the  pelvis  well 
preserved.  The  wide  peduncles  of  the  ilia  resemble  those  of  the 
Elephant;  and  if  the  crest  of  the  ilium  of  the  Camel  were  more 
convex,  it  would  resemble  Bathmodon.  The  peduncle  is  stouter  than 
in  the  Horse,  Tapir,  or  Pig.  The  limb  bones  appear  to  be  more 
robust  than  in  species  of  Coryphodon.  Metalophodon  differs  from 
Coryphodon  in  the  structure  of  its  molar  teeth,  though  the  dental 
formula  is  the  same.  All  the  premolars  have  the  single  external  V 
pattern ;  the  first  upper  molar  only  has  two  external  Vs,  of  which 
the  anterior  is  represented  by  a  suboonical  cusp,  while  the  posterior 
V  is  large.     The  genus  is  known  from  two  species. 

The  next  suborder,  Dinocerata,  is  especially  distinguished  from  the 
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Proboflcidea  by  the  tmall  size  of  the  oerebral  hemispheres,  and  tbe 
doable  distal  articulation  of  the  astragalus,  in  which  the  faoets  for 
the  cuboid  and  navicular  bones  are  nearly  equal.  There  is  less 
difference  between  the  molar  and  premolar  teeth  in  this  group  than 
in  the  Pantodonta.  In  the  upper  jaw  the  crowns  of  the  molars  have 
crests  with  a  V  pattern,  and  the  lower  molars  consists  of  a  "V  directed 
outward,  and  a  heel.  Professor  Cope  recognizes  four  genera  based 
on  characters  of  the  mandible ;  these  are  named  Eobasiletu,  Loxolo^ 
phodoUf  Bathyopsis  and  Uintatkeriwn.  Eobasileus  presaieomia  and  E. 
furcatus  represent  the  type  in  which  some  of  the  cervical  vertebrae 
are  flat  and  short  as  in  Proboscidea.     The  muzzle  is  short ;  the  oo- 

Zogolophodon  eormUua, 


cipital  and  parietal  crests  are  remarkably  developed,  and  the  proper* 
tions  of  the  head  somewhat  resembled  those  of  Rhinoceros,  though 
the  horns  and  tusks  give  it  a  different  aspect  Zoxolophodon  is  one 
of  those  genera  concerning  which  the  priority  of  nomenclature  is 
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disputed,  the  author  claiming  to  have  named  it  19th  Angnst,  1872, 
while  he  finds  no  earlier  date  for  the  Tinoceras  of  Marsh  than  the 
following  month ;  but  Marsh  claims  to  have  published  his  name  on 
the  same  day.  Loxolophodon  has  a  long  compressed  head  with  a  roof- 
shaped  muzzle,  over  which  is  a  bilobed  protuberance  at  the  end 
of  the  nasal  bone.  A  second  pair  of  horns  stands  over  the  orbits^ 
each  formed  externally  from  the  maxillary,  and  internally  from 
the  nasal  bone.  Behind  this  the  margin  of  the  temporal  fossa  rises 
in  a  way  that  is  considered  to  indicate  another  horn.  Three  species, 
X.  comuius,  L.  galeatus  and  X.  8pierianu8,  are  distinguished  by 
characters  of  the  horn-cores. 

Loxolophodon  comutus  has  a  narrow  cranium  four  times  as  long 
as  its  middle  width.  The  diverging  horn-cores  are  in  front  of  the 
middle  length,  each  with  a  triangular  base.  The  frontal  bones 
descend  behind  the  horns.  There  is  no  bony  septum  between  the 
anterior  nares.  The  teeth  are  remarkable  for  the  exposure  of  their 
slender  roots,  as  well  as  for  their  small  size.  The  grinding  surface 
of  the  first  premolar  tooth  appears  to  consist  of  a  worn  crescent  and 
an  inner  tubercle,  while  the  other  premolars  are  transversely  arrow- 
shaped.  All  the  molars  have  three  roots.  This  type  was  similar  in 
form  and  proportion  to  the  Elephant,  with  somewhat  shorter  stouter 
limbs,  and  a  small  tail.  The  neck  was  a  little  longer  than  in  Elephants, 
but  shorter  than  in  the  Kbinoceros  type.  The  animal  stood  almost 
six  feet  high  at  the  rump,  while  the  height  at  the  anterior  limb  is 
estimated  at  seven  feet  five  inches.  The  individual  from  which  these 
measurements  are  taken  may  not,  however,  have  reached  its  full  size. 
Teeth  indicate  it  to  have  been  a  vegetable  feeder.  It  is  remarkable 
that  the  orbits  have  no  distinctive  outline,  while  the  eyes  were  so 
overhung  by  the  horns  that  the  view  was  chiefly  lateral,  for  the 
muzzle  and  cranial  crest  obstructed  the  view  in  front  and  behind. 
This  species  was  found  in  the  bad  lands  of  Wyoming,  8500  feet 
above  the  sea. 

Uinta therium  has  the  cervical  vertebraB  more  elongated.  This  genus 
is  regarded  by  the  author  as  identical  with  that  which  Professor 
Marsh  has  rendered  classical  as  Dinoceras,  though  Professor  Marsh 
separates  Dinoceras  from  it  as  having  three  instead  of  four  lower 
premolars.  Leidy  published  Uintntherium  in  August,  1872  ;  Marsh, 
Dinoceras,  in  September,  1872.  Three  species  are  here  described. 
Another  genus,  Bathyopsis,  is  founded  on  a  mandible  with  the  three 
molar  teeth  and  four  premolars  constructed  on  the  same  pattern. 
It  differs  from  Uintatherium  and  Loxolophodon  in  the  much  greater 
vertical  depth  of  the  inferior  expansion  of  the  ramus  of  the  mandible, 
along  the  whole  length  of  which  it  extends.  The  inferior  molars 
are  constructed  on  the  plan  of  those  of  insectivorous  and  marsupial 
Mammals,  so  as  to  suggest  that  the  animals  fed  on  Crustacea,  large 
Insects,  and  perhaps  thin-shelled  Molluscs. 

A  third  suborder  of  the  Amblypoda  named  Taligrada  is  believed 
to  be  indicated  by  a  single  species  of  a  genus  FaiUolambda.  This 
suborder  is  defined  chiefly  on  the  characters  of  the  astragalus,  for 
while  that  bone  in  the  Pautodonta  has  no  head,  in  this  type  it  has  a 
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head  distinct  from  the  trochlear  and  distal  articular  facets.  The 
cusps  of  the  upper  and  lower  molars  develope  into  Vs.  AU  the 
vertebrae  have  flat  articulations.  There  is  no  inter-troohlear  ridge 
to  the  humerus ;  and  the  femur  has  a  third  trochanter.  Excluding 
the  characters  of  the  astragalus,  there  are  resemblanoes  to  tiie 
Condylarthra  in  the  narrow  ilium,  and  in  the  molar  teeth  having  but 
one  internal  lobe ;  but  the  dentition  is  especially  like  that  of  the 
Amblypoda,  and  there  are  resemblances  to  the  Pantodonta  in  the 
premazillary  teeth,  the  short  flat  cervical  vertebras,  and  the  third 
trochanter  to  the  femur ;  but  the  characters  of  the  astragalus  are 
rather  like  those  of  the  Periptychidad  and  the  Proboscidea.  In 
Faniolamhda  the  brain  indicates  small  nearly  smooth  hemispheres, 
extending  with  little  oontraotion  into  a  rather  large  cerebellum, 
while  the  olfactory  lobes  are  produced  anteriorly  at  the  extremity  of 
a  rather  long  istlunus.  The  dentition  would  indicate  Paniolambda 
to  be  the  ancestor  of  the  CJoryphodonts.  The  superior  molars  are  all 
triangular  from  having  a  single  internal  cusp.  This  type  of  tooth 
at  the  present  day  is  found  among  Insectivorous  and  Carnivorous 
Marsupials,  in  the  Inseotivora,  and  in  the  tubercular  crowns  of  some 
Camivora ;  and  among  Ungulates  it  is  found  in  the  molars  of  the 
Goryphodonts,  and  in  the  last  upper  molar  of  the  Dinooerata.  The 
only  species  is  Pantolamhda  hathmodan,  in  which  the  hinder  part  of 
the  skull  is  Opossum-like,  and  the  nasal  bones  give  an  obtusely  roof- 
shaped  form  to  the  muzslc 

The  Perissodaotyla  are  well  represented  in  the  North  American 
Tertiaries.  The  group  may  be  described  as  intermediate  in  dentition 
between  the  Proboscidea  and  the  lowest  Selenodont  Artiodactyla. 
On  dental  characters  Professor  Cope  recognizes  ten  families  arranged 
into  four  divisions.  First,  animcds  with  the  anterior  crescent  of  the 
upper  molars  shortened,  and  not  distinguished  from  the  posterior 
crescent  by  an  external  ridge,  with  cross-crests  to  the  inferior  molars, 
and  with  premolars  distinct  from  the  molars.  This  comprises  the 
LophiodontidaB,  in  which  the  toes  are  4-3 ;  and  the  Triplopodidae, 
in  which  the  toes  are  3-8.  Secondly,  a  division  in  which,  while 
the  exterior  crescents  of  the  upper  molars,  and  the  cross-crests  of 
the  lower  molars,  remain  as  in  the  first  division,  while  the  upper 
molars  and  premolars  are  alike,  and  furnished  with  cross-crests. 
Under  tliis  type  are  comprised  the  Hyraoodontidad,  in  which  the 
mastoid  bone  enters  into  the  external  wall  of  the  skull;  and  the 
KhinoceridsB,  in  which  the  mastoid  bone  is  excluded  from  the  wall 
of  the  skull,  by  contact  of  the  squamosal  bone  with  the  occipital 
bone.  The  third  division  has  the  exterior  crescentic  crests  of  the 
upper  molars  subequal  and  distinct,  with  cross-crests  to  the  inferior 
molars.  This  type  comprises  the  Tapiridae,  in  which  the  upper 
molars  and  premolars  are  alike  furnished  with  cross-crests,  and  with 
the  toes  4-3.  The  last  division  has  the  nearly  equal  external 
crescentic  crests  of  the  upper  molars  separated  by  an  external 
ridge,  while  the  inferior  molars  are  furnished  with  crescents.  First 
in  this  group  are  placed  the  families  with  superior  premolars 
different  from  the  molars,  and  with  only  one  internal  cusp.    The 
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ChaliootheridsB  have  the  toes  4r-3,  and  the  MaorauoheniicliB  have  the 
toes  8-3.  And  secondly  come  families  in  which  the  molars  are  like 
the  premolars,  but  with  two  internal  lobes ;  and  among  these  the 
Menodpntidso  have  the  digits  4-4,  the  PalaBotheriidtD  have  the  digits 
3-3,  while  the  Eqaidse  have  the  digits  1-1.  These  families  include  46 
genera  and  192  species.  The  author  remarks  that  the  LophiodontidsB 
aud  Chalicotheridse  are  prevalent  in  the  Eocene ;  the  Bhinoceridce 
and  PalsdotheriidaB  characterize  the  Miocene ;  while  the  Tapiridse  and 
Equid»  are  chiefly  found  in  the  latest  Tertiary  epochs.  The  follow- 
ing table  exhibits  the  relations  of  the  families  with  each  other. 

Eqnidse 


TapiridsB 

Menodontida 


I 


Bhinooeiidn  Paleotneriidao 

HyracodontidsD 
TnplopidsD 

Lopmodontidse  Chaliootheriidffi 

Hyracotkeriinsd. 


The  Lophiodontidsd  comprises  a  large  number  of  species,  all  of 
which,  with  one  exception,  are  limited  to  the  Eocene  rocks.  Among 
living  animals  the  Tapirs  most  nearly  resemble  them.  They 
range  in  size  from  that  of  a  Babbit  to  the  bulk  of  an  Ox.  Lophtodon 
is  limited  to  Europe ;  Hyrachyns,  Hyracotherium  and  Pliolophus  to 
Europe  and  North  America ;  while  Systemodon,  Heptodon,  Eelaletes, 
and  Colonoceras  are  only  found  in  North  America.  All  these  genera 
are  classified  and  defined  by  dental  characters.  Systemodon  is  allied 
to  Myraeothertum  and  Pliolophns ;  but  instead  of  having  the  wide 
diastema  behind  the  canine  tooth,  seen  in  Hyracotherium,  there  is  no 
interspace  at  all.  The  dental  formula  appears  to  be  the  same,  and 
the  differences  are  in  the  form  and  arrangement  of  the  cusps.  The 
genus  is  represented  by  two  species. 

Hyracotherium  is  admirably  known  from  six  American  species; 
it  shows  three  diastemata,  behind  the  third  incisor,  the  canine, 
and  the  first  premolar  in  the  upper  jaw;  and  two  in  the  lower 
jaw,  behind  the  canine,  and  the  first  premolar.  The  species  of 
this  genus  differ  in  the  i*elative  development  of  the  intermediate 
tubercles  of  the  upper  molars,  in  the  distinctness  of  the  tubercles 
of  the  lower  molars,  the  varying  lengths  of  the  diastemata,  and 
the  development  of  the  cingula.  The  form  of  the  head  is  very  like 
Anchitherium,  and  the  cingulum  of  the  upper  molar  teeth  is  re- 
presented in  Anchitherium  by  a  ledge,  while  the  principal  bones 
of  the  limbs  are  much  alike  in  both  genera,  so  that  there  are  some 
grounds  for  suggesting  an  ancestral  relation  between  them.  The 
coracoid  process  of  the  scapula  in  Hyracotherium  is  incurved  as 
in  Coryphodon  and  Anchitherium,  and  is  larger  than  in  its  allies 
Triplopus  and  Hyrachyus.  The  humerus,  especially  in  its  proximal 
end,  has  much  in  common  with  these  genera,  and  in  the  simple 
groove  for  the  biceps  is  like  Tapirus  and  Anchitherium.  The 
carpus  includes  eight  bones,  and  is  more  like  that  of  Hyrachyus  than 


Digitized  byVjOOQlC 


476     Retneu-S'-J^rof.  Cape— Tertiary  Vertebrata  of  the  West. 

TrtplopuB,  owing  to  the  second  metacarpal  having  a  considerable 
contact  with  the  os  magnum.  The  bones  of  the  hind  limb  have 
most  resemblance  with  Myrachyus ;  bat  the  femur  of  Myracotherium 
has  the  great  trochanter  larger,  so  as  to  project  far  above  its  head. 
The  third  trochanter  is  large,  but  not  so  long  as  in  the  Tapir  and  the 
Horse.  The  species  range  in  size  from  H.  index,  which  is  equal  to 
the  Kit  Fox,  to  H,  craepedotumt  which  is  equal  to  the  Coyote.  Three 
species  are  found  in  the  Wasatch  beds,  three  in  the  Wind  River  beds, 
and  one  in  the  Bridger  beds. 

The  genus  Pliolophus  is  said  to  differ  from  Hyraeoihertum  only 
in  having  two  tubercles  on  the  heel  of  the  fourth  premolar  tooth 
instead  of  one.  The  genus  is  intermediate  between  Hyracoiheriwn 
and  LophiotheriufiL  Six  species  have  been  defined,  including  Professor 
Owen's  original  type,  and  five  of  these  are  North  American.  The 
genus  Jffeptodon  is  essentially  a  Lophiodon  with  seven  superior  molars : 
three  species  are  now  described.  JSyrachyus  has  no  heel  to  the  last 
true  molar;  its  lower  canines  form  a  continuous  series  with  the 
incisors,  but  are  separated  from  the  premolars  by  a  diastema.  The 
affinities  of  the  skeleton  are,  firsts  with  the Rhinocei-os  type;  secondly, 
with  the  Tapirs,  and  least  with  the  Horses.  Equine  characters  are 
seen  in  the  articulation  of  the  lumbar  vertebrsB,  Rhinocerontic  charac- 
ters in  the  form  of  the  sternum  ;  but  the  affinities  are  strongest  with 
Hyraeoihertum.  The  carpal  articulation  of  the  ulna  is  not  so  small 
as  in  Triplopus  and  Anchiiherium,  Kine  species  have  been  recognized ; 
three  are  fully  described,  and  the  author  points  out  in  detail  the 
differences  between  Hyrachyua  eximitis  and  Tapirus  roulini.  Triplopus 
is  a  genus  nearly  allied  to  Hyrachyus  in  its  dentition,  but  appears  to 
have  a  third  transverse  crest  in  the  first  true  molar,  and  there  is  a 
difference  in  the  number  of  digits  in  the  fore  foot.  The  rudimental 
character  of  the  fifth  metacarpal,  which  in  Hyrachyus  is  well 
developed,  and  carries  a  digit,  is  the  ground  for  making  Triplopus 
the  type  of  another  family.  It  is  regarded  as  connecting  the  Lophio- 
donts  with  the  Rhinoceroses ;  but  the  structure  of  the  true  molars 
and  the  character  of  the  feet  place  it  between  those  families.  Only 
one  species  is  known  with  certainty. 

A  synopsis  is  given  of  the  generic  characters  of  the  RhinoceridsB, 
based  on  the  number  of  digits,  the  dentition  and  the  conditions  of 
the  skull  connected  with  the  development  of  horns.  The  Tapiridce 
is  in  the  same  way  briefly  defined,  but  no  species  of  either  group  is 
described. 

The  Ghalicotheriidce  is  a  group  of  eight  genera.  The  symmetrical 
external  Vs  of  the  upper  molars  and  the  double  Vs  of  the  inferior 
molars  distinguish  them  from  the  Lophiodontidsd ;  but  they  are  not 
so  clearly  defined  from  the  MenodontidsB.  Among  its  genera,  Pachy^ 
nolophus  and  Chalicotherium  are  found  in  Europe,  Nestoritherium  in 
Asia,  while  North  America  yields  Eetocion,  Leurocephalus,  Falcso* 
syops,  Lymnohyus  and  Zamhdotherium,  all  of  which  are  defined  by 
dental  characters.  JSctocion  is  only  known  from  the  teeth ;  Palmo- 
syops  differs  from  Palaotherium  in  the  isolation  of  the  internal  cones 
of  the  upper  molars  from  the  external  longitudinal  cresoentlo  crests. 
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and  in  having  but  one  inner  tubercle  instead  of  two  on  the  last  three 
premolars.  The  molar  dentition  approaches  towards  Menodus.  The 
pelvis  was  more  Palsdotheroid  than  Tapiroid.  This  genus,  which  is 
limited  to  the  Eocene,  is  illustrated  by  descriptions  of  four  species. 
Zimnohyus  differs  from  the  type  last  mentioned  in  having  two  conical 
tubercles  instead  of  one  on  the  inner  series  in  the  last  upper  molar. 
Two  species  are  described.  Zambdotherium  is  only  known  from  its 
dentition;  and  the  author  remarks  that  if  the  ridges  which  are 
rudimented  in  the  molars  of  Eyracotherium  were  developed,  and  the 
external  cusps  of  the  superior  molars  flattened  externally,  the  result 
would  be  the  dentition  of  Lamhdotherium.  Three  species  are  described. 
Brief  notices  follow,  without  description  of  species,  of  the  genera 
contained  in  the  MacraucheniidaB,  Menodontidse,  Palffiotheriidad  and 
Equidad. 

The  Perissodactyla  in  the  Eocene  rocks  of  the  Western  Territories 
are  thus  seen  to  exhibit  many  and  varied  types,  but  the  Artiodactyla 
are  scantily  developed  in  the  Eocene  period.  Only  two  or  perhaps 
three  genera  of  Hogs  have  come  under  Professor  Cope's  notice,  and 
Pantoleates  is  the  only  type  described.  The  tarsal  characters  are  in 
general  similar  to  those  of  Dicohvne,  but  this  genus  differs  in  having 
bat  one  inner  tubercle  to  the  upper  molars  and  one  external  tubercle 
to  the  upper  premolars,  and  differs  from  the  Anoplotheres  in  the 
presence  of  external  digits.  Seven  species  are  defined  and  described. 
This  concludes  the  account  of  about  250  species  of  Eocene  Yertebrata, 
though  supplements  include  descriptions  of  a  few  Fishes,  Beptiles, 
Birds,  and  Mammals,  which  were  received  too  late  to  be  oomprised 
in  the  body  of  the  work.  A  notice  of  the  Miocene  fauna  from  the 
"White  River  and  John  Day  beds  must  be  reserved  for  another 
notice,  after  which  it  may  be  convenient  to  discuss  the  scientific 
results  of  the  author's  work.  H.  Q.  Seblet. 
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A.   Strahan.— On  the  Hocks   surrounding  the  Warwickshire  Coal 
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A.  T.  Evans. — The  Fossil  iferous  Bunter  Pebbles  contained  in  the 
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L — The  Metamobphosis  of  the  Lizabd  6ABil!N>4V  '^     ^ 
By  J.  J.  H.  Tball,  M.A.,  F.G.S. 
(PLATE  XIII.)    . 

IF  we  take  a  general  view  of  the  present  position  of  geological 
science,  we  are  struck  by  the  fact  that,  although  there  is  sub- 
stantial agreement  amongst  geologists  on  matters  relating  to  the 
origin  of  the  rocks  usually  designated  as  aqueous  and  igneous,  the 
greatest  diversity  of  opinion  prevails  with  regard  to  the  circum- 
stances under  which  the  so-called  metamorphic  rocks  have  been 
produced.  Every  fragment  of  evidence  calculated  to  throw  light 
on  the  origin  of  these  rocks,  therefore,  deserves  the  most  careful 
consideration.  Of  recent  years  special  attention  has  been  directed 
to  the  effects  of  mechanical  energy  in  modifying  the  mineralogical 
and  structural  characters  of  rocks  originally  formed  by  aqueous  and 
igneous  agencies ;  and  a  suspicion  has  been  aroused  that  it  is  in  this 
direction  that  we  must  look  for  a  solution  of  many  of  the  problems 
connected  with  the  origin  of  the  crystalline  schists.  A  visit  to  the 
Lizard  Peninsula  of  Cornwall  during  the  present  summer  has  con- 
vinced me  of  the  immense  importance  of  this  view  so  far  as  that 
district  is  concerned.  That  portion  of  the  peninsula  which  lies 
south  of  a  line  drawn  from  Porthalla  on  the  east  to  Polurrian  Cove 
on  the  west  is  formed  partly  of  igneous  rocks — such  as  gabbro,  green- 
stone, serpentine,  and  granite — and  partly  of  crystalline  schists.  The 
igneous  rocks,  in  certain  places,  become  foliated  and  schistose  and 
sometimes  show  a  definite  banding  due  to  a  variation  in  the  relative 
proportions  of  the  diflFerent  constituents.  In  other  words  they  pre- 
sent characters  which  are  usually  regarded  as  distinctive  of  the 
crystalline  schists.  There  is,  moreover,  evidence  to  show  that  these 
characters  are  mainly  the  result  of  a  yielding  to  earth-pressure  sub- 
sequent to  the  consolidation  of  the  original  rock.  At  the  present 
moment,  having  just  returned  &om  the  district,  I  am  unable  to  treat 
the  subject  from  a  general  point  of  view  with  any  prospect  of  success; 
but  it  has  occurred  to  me  that  some  details  with  regard  to  one  of  the 
rocks  may  not  be  without  interest  to  members  of  the  Association. 

The  gabbros  of  the  Lizard  have  been  noticed  by  many  previous 
writers,  including  Dr.  Boase,^  Mr.  Majendie,'  Sir  Henry  de  la  Beche,^ 

^  Paper  commmiicated  to  Section  C  of  the  British  Association. 

*  Trans.  Oeol.  Society  of  Cornwall,  toI.  iv.  p.  330. 
«  Ibid.  ToL  i.  p.  36. 

*  Report  on  the  Geology  of  Devon  and  Goinwall,  1839. 
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and  Prof.  Bonney.^  Their  mineralogioal  oomposidon,  geographical 
distribation,  and  stmctaral  oharaoters  were  described  by  the  older 
observers.  Prof.  Bonney  added  many  facts  on  these  points  and 
gave  in  addition  a  description  of  their  microscopic  struotores.  As 
I  wish  on  the  present  occasion  to  refer  to  them  for  the  purpose 
of  establishing  a  definite  proposition  with  regard  to  the  origin  of 
certain  structures  which  they  possess,  I  must  ask  permission  to 
recapitulate  the  facts,  and  at  tiie  same  time  to  add  one  or  two  from 
my  own  observation. 

Qabbro  occupies  an  area  of  six  or  seven  square  miles  in  the  neigh- 
bourhood of  St.  Eeveme,  and  forms  the  elevated  tract  of  land  known 
as  Crousa  Down.  This  great  mass  comes  down  to  the  sea  and  forma 
the  coast-line  from  Coverack  to  Manacle  Point  It  is  traversed  by 
veins  and  dykes  of  a  fine-grained  rock  generally  known  as  ''  green- 
stone." This  greenstone  is  essentially  composed  of  plagiodase  and 
hornblende,  the  latter  mineral  often  belonging  to  the  uralitic  and 
actinolitic  varieties.  It  is,  as  Prof.  Bonney  has  pointed  out,  an 
altered  plagiodase-augite  rock,  and  must  be  classed  with  the 
epidiorites  (Giimbel)  of  the  Fichtelgebirge  and  the  Hartz.  In  some 
instances  the  felspars  give  lath-shaped  sections  which  penetrate  the 
fibrous  aggregates  of  secondary  hornblende  in  such  a  way  as  to 
prove  conclusively  that  the  parent  rock  must  have  been  an  ophitic 
dolerite. 

The  amount  of  this  "  greenstone  "  or  **  epidiorite  "  associated  with 
the  gabbro  increases  towards  the  north  until  it  exceeds  that  of  the 
latter  rock.  Although  the  junctions  of  the  gabbro  and  the  green- 
stone are  perfectly  sharp,  it  is  impossible  to  represent  the  distribution 
of  the  two  varieties  on  a  small  scale  map  in  consequence  of  the  way 
in  which  they  alternate  with  each  other.  Manacle  Point,  which  is 
represented  as  greenstone  on  the  Survey  Map,  consists  for  the  most 
part  of  gabbro  in  which  veins  and  dykes  of  greenstone  are  very 
common. 

The  northern  limit  of  the  gabbro-greenstone  area  above  referred 
to  occurs  in  the  neighbourhood  of  Porthoustock.  The  adjacent  rock 
is  hornblende-schist,  but  the  actual  junction,  which  is  probably  a 
fault,  is  concealed  by  a  small  shingle  beach.  The  sou&em  limit 
of  this  mass  comes  out  on  the  sea-shore  by  the  small  village  of 
Coverack.  The  geology  of  this  locality  has  been  fully  described  by 
Prof.  Bonney,  to  whose  paper  reference  must  be  made  for  details. 
The  only  point  that  need  be  mentioned  here  is  that  the  normal  gabbro 
is  seen  to  be  intrusive  in  serpentine  and  also  in  a  rock,  intimately 
associated  with  the  serpentine,  which  consisted  originally  of  a  basio 
felspar  and  olivine  and  which  appears  to  be  identical  with  the  trooto- 
lite  or  forellenstein  of  Neurode  in  Silesia. 

South  of  Coverack  the  greater  part  of  the  district  is  occupied  by 
serpentine  in  which  veins  and  dykes  of  gabbro  frequently  occur. 
The  mass  of  gabbro  which  ranks  next  in  importance  to  that  of  Crousa 
Down  is  exposed  on  the  sea-coast  west  of  Lankidden  Cove.  It  forms 
the  headland  of  Earakclews,  and  may  be  followed  along  ike  coast 
*  Quart.  Joum.  Geol.  Soc.,  toI.  xxxiii.  1877,  p.  884. 
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for  a  distance  of  about  a  quarter  of  a  mile.  A  mass  of  precisely 
similar  gabbro  ooours  inland  at  Gwinter.  The  two  portions  are 
doubtless  continuous,  as  represented  on  the  geological  map;  and  if  so, 
they  form  a  dyke-like  mass  running  inland  in  a  N.W.  direction. 
The  Eamkclews  gabbro  is  bounded  on  both  sides  by  serpentine  into 
which  it  was  intruded.  Marked  signs  of  disturbance  occur  near 
both  junctions  and  throughout  the  mass ;  but»  notwithstanding  this, 
veins  of  gabbro  may  occasionally  be  seen  running  out  from  the 
larger  mass  into  the  surrounding  rock. 

Another  considerable  exposure  of  gabbro  occurs  on  the  shore 
north  of  Pen  Yoose»^  near  Landewe£ack.  It  is  bounded  on  the 
north  by  serpentine  with  gabbro  veins,  and  on  the  south  by  a 
remarkable  group  of  rocks  which  Prof.  Bonney  terms  "  the  graniditic 
series.'*  The  gabbro  is  here  traversed  by  veins  of  granite  and  mioa- 
diorite  which  will  doubtless  repay  careful  examination,  but  which 
need  not  be  further  referred  to  on  t^e  present  occasion. 

The  principal  mineralogical  constituents  of  the  Lizard  gabbros  are 
plagioclase,  augite  or  diallage,  hornblende  and  saussurite.  Olivine 
is  present  in  certain  varieties,  but  does  not  appear  to  have  been  very 
widely  distributed  in  these  rocks.  In  the  least  altered  rocks  the 
plagioclase  occurs  in  the  form  of  grains  of  tolerably  uniform  size  and 
having  nearly  equal  dimensions  in  the  different  directions.  The 
grains  show  broad  lamellar  twinning,  and  not  seldom  two  sets  of 
lamellso  are  seen  crossing  each  other  at  right  angles.  This  is  the 
feature  which  is  usually  regarded  as  indicating  simultaneous  twinning 
on  the  albite  and  pericline  types.  The  extinction  angles  in  thin 
sections  of  the  rock  show  that  the  felspar  belongs  to  the  labradorite* 
anorthite  series,  but  I  have  not  as  yet  been  able  to  make  a  more  pre- 
cise determination.  In  the  more  or  less  altered  gabbros  we  see 
various  stages  of  the  replacement  of  felspar  by  white  or  cream- 
coloured  saussurite.  The  first  stage  consists  in  the  development  of 
white  spots  in  the  glassy  felspar  substance.  These  spots  appear 
snow-white  under  the  microscope  by  reflected  light,  and  opaque  or 
brown  by  transmitted  light.  They  never  exhibit  any  definite  form 
or  cleavages.  By  the  increase  in  the  number  and  size  of  these  white 
spots  and  by  other  changes  the  felspar  gradually  passes  into  saus- 
surite. This  substance  sometimes  occurs  in  masses  of  considerable 
size,  and  it  is  then  remarkable  for  its  toughness  and  hardness.  Its 
specific  gravity  is  about  3*1.  Microscopic  examination  shows  that 
it  is  an  aggregate  and  not  a  simple  mineral,  but  it  is  by  no  means 
easy  to  determine  the  precise  character  of  the  different  constituents. 
Cath rein's^  investigations  led  him  to  the  conclusion  that  saussurite  is 
an  aggregate  of  zoisite  or  epidote  and  felspar,  usually  albite ;  vrith 
variable  quantities  of  actinolite  and  tremolite  as  accessory  constituents. 

^  There  is  Bome  confusion  about  the  naming  of  this  locality.  The  small  bay  to 
the  north  of  which  ^e  gabbro  is  exposed  is  named  the  Balk  on  the  one-inch  map  and 


Pam  Yoose  on  the  twenty-five  inch  map.  The  inhabitants  of  this  district  say  that 
this  bay  is  called  Pen  Yoose  and  that  tne  place  where  the  life-boat  is  kept,  otherwise 
known  as  Church  Cove,  is  Pam  Yoose.    As  the  maps  do  not  agree,  I  haye  followed 


the  inhabitants, 
s  Ueber  Saaasurit,  Zeit.  f.  Krystallographie,  toI.  yii  p.  234. 
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I  have  not  as  yet  been  able  to  find  a  sanssurite  in  the  Lizard 
District  answering  to  Cathrein's  description.' 

The  felspars  of  certain  gabbros  in  which  the  development  of 
sanssurite  has  not  taken  pla^  at  all,  or  has  only  oooorred  to  a  very 
limited  extent,  often  give  evidence  of  having  been  affected  by  pro- 
found mechanical  disturbances.  The  twin  lamellsd  are  frequently 
bent  and,  when  the  limit  of  elasticity  has  been  exceeded,  the  ciystal 
grains  have  been  fractured.  The  extinction  is  not  sharp  and  definite. 
Dark  shadows  sweep  across  the  sections  as  the  stage  is  rotafed.  In 
slides  exhibiting  these  characters  large  felspars  are  often  seen  to 
break  up,  in  certain  places,  into  aggregates  of  minute,  colourless,  and 
for  the  most  part  simple  grains.  Such  aggregates  must  certainly 
be  regarded  as  of  secondary  origin,  for  they  are  entirely  unknown  in 
the  unaltered  felspar-diallage  gabbros  and  frequently  oontain  needles 
of  actinolite,  a  mineral  undoubtedly  of  secondary  origin.  They 
correspond  to  the  felspar-mosaic  of  Lessen.* 

The  pyroxene  in  the  least  altered  rocks  is  a  pale  green  diopside. 
In  microscopic  sections  it  is  almost  colourless.  Cross  sections  show 
an  optic  axis  in  convergent  polarized  light  and  frequently  the  two 
pinacoidal  as  well  as  the  two  prismatic  cleavages.  Longitudinal 
sections  give  a  maximum  extinction  of  about  40°.  The  mineral  is 
therefore  a  monoclinic  pyroxene.  In  addition  to  the  cleavages  above 
mentioned,  we  find  occasionally  incipient  stages  of  diallagic  lamina- 
tion. This  lamination  is  not  as  a  rule  persistent  throughout  the 
crystal,  but  limited  to  the  neighbourhood  of  cracks.  In  the  ordinary 
gabbros  the  pyroxene  is  a  true  diallage  with  a  decided  bronzy  lustre 
on  the  planes  of  easy  separation,  which  planes  run  parallel  with  the 
orthopinacoid.  In  some  of  the  coarse-grained  rocks  the  diallage 
crystals  often  measure  two  or  three  inches  across. 

The  change  of  pyroxene  into  hornblende  has  been  described  and 
illustrated  by  Prof.  Bonney.  It  is  a  common  feature  in  the  Lizard 
gabbros  and  often  accompanies  the  change  of  felspar  to  saussurite. 
Many  different  varieties  of  secondary  hornblende  may  be  observed 
depending  on  variations  in  oolour  and  habit.  Sometimes  the  horn- 
blende occurs  in  the  form  of  homogeneous  crystalline  grains  with 
strongly  marked  cleavages.  This  variety  may  be  termed  compact 
hornblende.  At  other  times  the  hornblende  is  distinctly  fibrous, 
and  at  others  it  occurs  in  the  form  of  needles.  The  two  latter 
varieties  are  genei*ally  termed  uralitic  and  actinolitio  respectively. 
Actinolitic  hornblende  frequently  forms  radiating  fringes  round  the 


1  A  sanBsurite  composed  of  zoisite  and  albite  occurs  in  Sangomore  Bay  : 
Durness,  Sutherlandshire.  Under  the  microscope  this  is  seen  to  consist  of  minute 
colourless  prisms  embedded  in  a  colourless  felspathic  matrix.  The  prisms  possess  a 
high  refractive  index,  weak  double  refraction,  cross- jointing  at  intervals,  and  give 
straight  extinction.  Small  fragments  of  the  felspar  with  which  they  are  associated 
may  occasionally  be  obtained  and  when  tested  in  tne  Bunsen's  burner  give  the  flame 
colouration  and  fusibility  of  albite.  In  the  mass  this  saussurite  is  white  or  a  very 
pale  pink.  It  contains  hornblende  and  is  associated  with  a  felspathic  gabbro  in 
which  the  diallage  has  been  converted  into  uralite  and  actinolite. 

'  Studien  an  metamorphischen  Eruptiv-  und  Sedimen%esteinen,  Jahrbuch  d.  k. 
preuss.  geol.  Landesanstalt  filr  1883  und  1884. 
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uralitio  variety  or  round  a  orystal  of  diaUage  partially  changed  to 
uralite.  The  hornblende  may  be  either  green,  brown,  or  colourless. 
One  of  the  green  varieties  is  remarkably  brilliant  and  of  that  tint 
which  led  to  the  introduction  of  the  term  smaragdite.  The  gradual 
replacement  of  diallage  by  hornblende  is  a  most  striking  feature  in 
the  Lizard  gabbros.  The  two  minerals  bear  an  inverse  relation 
to  each  other  so  far  as  distribution  is  concerned.  As  the  one 
increases,  the  other  diminishes. 

Olivine  does  not  appear  to  have  been  abundant  or  widely  distri- 
buted in  the  normal  gabbros.  It  occurs  sparingly  in  an  unaltered 
rock  from  Coverack,  and  in  this  case  is  perfectly  colourless  in  thin 
sections  and  traversed  by  irregular  cracks,  along  which  magnetite 
has  been  formed.  In  some  of  the  more  altered  gabbros  it  is  repre- 
sented by  serpentinous  pseudomorphs. 

The  minerals  above  referred  to  occur  in  very  different  proportions 
in  the  different  rocks,  and  in  different  portions  of  the  same  rock-mass. 
We  thus  have  an  endless  number  of  mineralogical  varieties.  •  The 
principal  variations  are  due  to  the  gradual  replacement  of  felspar  by 
saussurite  and  of  diallage  by  hornblende.  The  two  extreme  types 
may  therefore  be  designated  felspar-diallage  gabbro,  and  saussurite- 
homblende  gabbro ;  the  former  representing  the  original  rock  and 
the  latter  the  extreme  of  mineralogical  metamorphism.  Between 
these  two  extreme  types  there  are  innumerable  intermediate  varieties. 
As  a  rule  the  change  in  one  mineral  is  accompanied  by  a  change  in 
the  other ;  but  this  is  not  invariably  the  case.  We  may  thus  have 
felspar-hornblende  gabbros  and  saussurite-diallage  gabbros.  If  we 
wish  to  indicate  the  mineralogical  character  of  any  intermediate 
form,  we  can  do  so  by  using  a  compound  term  made  up  of  the  names 
of  the  substances  occurring  as  constituents.  The  number  of  actual 
varieties  present  is  the  number  of  possible  combinations  of  the  four 
principal  constituents  taken  two,  three,  and  four  together.  The 
introduction  of  olivine  gives  rise  to  other  varieties,  but,  as  already 
stated,  I  am  inclined  to  think  that  this  i^iineral  was  absent  from 
considerable  masses  of  the  original  rock. 

If  we  eliminate  hornblende  and  saussurite,  both  of  which  are  un- 
doubtedly secondary  minerals,  then  the  original  felspar-bearing  rocks 
of  the  gabbro-type  occurring  in  the  Lizard  Peninsula  must  have 
comprised  plagioclase-augite  rocks,  plagioclase-augite-olivine  rocks, 
and  plagioolase-olivine  rocks.  By  the  gradual  disappearance  of  the 
felspiur  these  rocks  passed  through  the  picrites  into  the  peridotites, 
which  are  now  represented  by  the  serpentines.  Felspar-bearing 
serpentines  occur  at  the  Bill  Head  near  Eynance.  Looking  at  the 
Lizard  district  as  a  whole,  we  are  struck  with  many  points  of  resem- 
blance between  it  and  the  Tertiary  volcanic  district  of  the  West  of 
Scotland  described  by  Prof.  Judd. 

We  have  now  to  consider  the  structural  characteristics  of  the 
Lizard  gabbros.  In  the  first  place,  we  notice  varieties  depending 
on  variations  in  the  sizes  of  the  individual  constituents.  Such 
variations  are  characteristic  of  all  masses  of  gabbro.  In  the  coarsest 
varieties  the  individual  crystalline  grains  often  measure  as  much  as 
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two  or  three  inohes  aoross.  These  extremely  coarse  Tsrieties  are 
often  distributed  with  oonsiderable  irregidarity  through  large  masses 
of  the  finer-grained  rocks;  not  seldom,  howoTor,  they  oocor  as 
narrow  veins  and  dykes  in  the  serpentine.  The  dominant  gabbro  is 
a  rock  which  would  simply  be  described  as  coarsely  crystalline. 
Fine-grained  varieties  are  not  known.  The  junction  with  greenstone 
or  epidiorite  is  always  sharp,  and  there  is  no  evidence  in  the  Lizard 
district,  so  far  as  I  know,  of  a  gradual  passage  from  gabbro  into 
dolerite  and  basalt  Hie  "greenstones'*  are  nndoubt^y  altered 
dolerites,  some  of  which  were  ophitio,  but  their  junctions  with  the 
gabbro  are,  as  already  stated,  always  sharp. 

The  mutual  relations  of  the  individual  constituents  in  the  un- 
altered gabbros  are  those  of  typical  granitic  rocks ;  in  other  words, 
no  single  mineral  appears  to  have  possessed  any  ^>ecial  advantage 
over  any  other  so  far  as  the  conditions  favourable  to  the  development 
of  crystalline  form  are  concerned.  Each  mineral  occurs  in  the  form 
of  (xystalline  grains. 

In  addition  to  variations  of  structure  depending  on  variations  in 
the  sizes  of  the  individual  constituents,  there  are  others,  of  a  most 
important  character,  dependent  on  the  mode  of  arrangement  of  these 
constituents  in  the  rock-mass.  From  this  point  of  view  the  gabbros 
of  the  Lizard  may  be  divided  into  two  groups :  (1)  the  massive,  and 
(2)  the  foliated  gabbros.  These  two  varieties  are  not,  however, 
separated  from  eadi  other  by  any  hard  and  fast  line.  Li  the  massive 
gabbros  the  individual  constituents  are  not  arranged  in  any  definite 
manner ;  in  the  foliated  gabbros  a  parallel  structure  is  more  or  less 
pronounced.  It  is  convenient  in  speaking  of  the  foliated  gabbros  to 
recognize  two  principal  types  which  may  be  designated  by  the  terms 
fla»er-gabhro  and  gabhro-BchtBL  In  the  fiaser-gabbro  the  parallel 
structure,  though  distinct,  is  not  accompanied  by  any  marked  fissility. 
The  constituents  are  white  saussurite  and  dark  aggregates  of 
diallage  and  hornblende.  These  constituents  are  more  or  less 
lenticular  in  form  and  the  fiat  surfaces  of  the  lenticles  lie  parallel  to 
each  other,  thus  producing  the  foliated  structure.  The  gabbro- 
schist  is  a  rock  of  finer  grain,  with  a  strongly-marked  schistosity. 
It  can  be  broken  into  fiat  slabs  like  a  hornblende  schist  Indeed  the 
rock  may  sometimes  be  called  hornblende-schist  without  doing  any 
violence  to  the  latter  term.  Although  it  is  convenient  to  use  the 
expressions  fiaser-gabbro  and  gabbro-schist,  it  must  not  be  supposed 
that  there  is  any  hard  and  fast  line  between  the  rocks  designated  by 
these  terms.  They  shade  into  each  other  by  the  most  insensihk 
gradations.  One  very  interesting  structural  variety  which  is,  in 
some  respects,  intermediate  between  fiaser-gabbro  and  gabbro-schist, 
may  be  termed  augen-gabbro.  In  this  variety  the  streaks  which 
define  the  schistosity  sweep  round  ''  eyes  "  of  diallage,  which  thus 
remind  one  strongly  of  the  "  eyes  "  of  felspar  in  augen-gneiss.  (See 
Plate  Xm.) 

We  have  now  to  consider  the  distribution  of  the  difierent 
structural  varieties.  The  gabbro  to  the  north  of  Ooveradc  is  on  the 
whole  massive;   nevertheless  here  and  there  foliation  makes  its 
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appearance.  In  the  neighbourhood  of  the  village  the  veins  and 
dykes  of  gabbro  are  often  foliated,  and  every  transition  may  be 
observed  from  massive  gabbro  to  gabbroHschist.  At  Karakolews 
Headland  foliation  has  been  developed  in  a  most  striking  manner, 
and  affeots,  with  a  few  local  exceptions,  the  entire  mass,  which  is 
more  tiian  a  hundred  yards  in  width.  The  general  strike  of  the 
foliation  is  approximately  N.W.  and  S.E.,  but  there  is  no  absolute 
constancy  in  the  direction;  slight  deviations  occur  sometimes  on 
the  one  side  and  sometimes  on  the  other.  One  important  feature  in 
the  Karakolews  mass  is  the  distinctly  banded  character  of  certain 
portions,  particularly  those  near  the  southern  junction  with  the 
serpentine.  Light  and  dark  bands  several  inches  in  thickness 
alternate  with  each  other,  and  with  the  ordinary  flaser-  and  augen- 
gabbro,  so  that  the  mass  as  a  whole  simulates  a  stratified  series.  The 
small  dykes  of  gabbro  in  the  serpentine  near  Karakolews  are  often 
foliated,  and  not  seldom  one  may  see  the  transition  from  massive 
gabbro  to  gabbro-schist  taking  place  in  the  space  of  a  few  inches. 

Another  locality  where  foliation  is  well  developed  is  north  of 
Pen  Yoose  near  Landewednack.  The  main  mass  of  gabbro  is 
separated  from  serpentine  and  other  rocks  on  the  north  by  a  well- 
marked  fault-plane.  In  the  immediate  neighbourhood  of  iMs  plane 
the  gabbro  is  foliated,  and  passes  into  a  fine  gabbro-schist  Folia- 
tion also  makes  its  appearance  in  the  main  mass,  whidi  is  here 
intimately  veined  with  mica-diorite  and  granite.  It  is  frequently 
developed  near  the  junction  of  the  gabbro  with  one  of  the  other 
rocks.  In  the  small  bay  known  as  Pen  Voose  a  lenticular  mass  of 
saussurite-homblende  gabbro,  measuring  about  five  feet  in  the 
longest  diameter,  occurs  in  Prof.  Bonney's  granulitic  series.  This  is 
evidently  not  an  intrusive  tongue,  but  a  lenticular  mass  which  owes 
its  form  and  position  to  earth-movements  acting  after  the  consolida- 
tion of  the  rook.  It  is  conspicuously  foliated  parallel  with  the 
junction  surfaces. 

It  is  instructive  to  compare  the  mineralogical  with  the  structural 
varieties.  Foliation  is  absent  from  the  felspar-diallage  rocks.  As 
the  foliation  becomes  more  and  more  pronounced,  the  diallage  is 
gradually  replaced  by  hornblende,  and  the  felspar  undergoes  a  change 
resulting  for  the  most  part  in  the  development  of  saussuritic  aggre- 
gates. In  the  most  perfect  gabbro-schist  the  diallage  has  entirely  or 
almost  entirely  disappeared,  and  its  place  has  been  taken  by  horn- 
blende. It  must  not,  however,  be  supposed  that  the  mineralogical 
change  is  invariably  accompanied  by  the  development  of  foliation. 
Many  of  the  saussurite-homblende  gabbros  are  as  massive  as  the 
original  rock.  In  a  paper  on  the  "  Metamorphosis  of  Dolerite  into 
Hornblende-schist''  I  have  pointed  out  similar  relations  between 
structural  and  mineralogical  characters  in  the  case  of  the  Scourie 
dykes.  A  molecular  rearrangement  may  take  place  in  a  massive 
rock  without  the  development  of  foliation ;  but  there  is  no  reason 
to  believe  that  foliation  of  the  kind  referred  to  in  this  communica- 
ti<m  can  take  place  without  molecular  rearrangement 

^Ilie  principEd  question  which  now  remains  for  consideration  is  the 
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origin  of  this  foliation.  Is  it  an  original  or  seoondary  stmctare? 
That  it  is  due  to  a  differential  movement  in  the  mass  after  the  separa- 
tion of  the  individual  constituents  will  I  think  be  admitted  dn  all 
hands.  The  only  question  that  can  arise  is  whether  this  movement 
was  in  any  way  connected  with  the  intrusion  of  the  rock.  The  fads 
appear  to  me  to  point  very  decidedly  to  the  conclusion  that  it  is  a 
secondary  structure  due  to  earth-movements  acting  upon  the  solid 
rock.  That  the  Lizard  district  has  been  profoundly  affected  by  earth- 
movements  is  apparent  on  every  hand.  The  rocks  have  been  folded, 
faulted,  crumpled,  twisted,  and  in  some  places  breooiated  by  the 
intense  pressures  that  have  acted  upon  them.  The  evidences  of 
mechanical  disturbance  are  not  limited  to  any  one  variety  of  rock  or 
to  any  one  district  They  abound  in  every  portion  of  the  district, 
though  their  effects  are  more  pronounced  in  certain  localities  than  in 
others.  If  we  attempt  to  determine  the  precise  nature  of  the  earth- 
movement,  we  are  met  with  considerable  difficulty  on  account  of  the 
superposition  of  the  effects  of  distinct  movements.  The  earlier 
movement,  and  the  one  which  I  suspect  produced  the  greater  part  of 
the  foliation  in  the  gabbros,  appears  to  have  acted  so  as  to  produoe 
a  strike  about  N.W.  and  S.E.  or  N.N.W.  and  S.S.E.  This  earlier 
movement  was,  however,  certainly  followed  by  one  producing  faults 
which  run  approximately  in  an  E.  and  W.  direction.  The  latter 
direction  agrees  with  one  of  the  great  post-Carboniferous  disturb- 
ances, and  Sie  faults  which  run  in  this  direction  probably  belong  to 
those  disturbances.  That  the  two  sets  of  earth-movements  above 
referred  to  are  the  only  ones  that  have  acted  upon  the  district  I  am 
by  no  means  prepared  to  say;  but  that  these  two  have  acted  is  shown 
by  facts  which  may  be  observed  at  Porthalla,  George  Gove  and 
Eynance. 

That  the  foliation  in  the  gabbros  is  one  of  the  results  of  the 
pressure-  or  regional-metamorphism  whidi  has  operated  upon  the 
district,  is  rendered  at  once  probable  when  we  compare  the  Lizard 
gabbros  with  those  of  the  West  of  Scotland.  The  latter  consist 
mainly  of  felspar-diallage  rocks,  and  are  not  foliated;  the  former  are 
largely  composed  of  saussuritic  and  homblendic  rocks,  and  are  often 
conspicuously  foliated.  The  Lizard  district  has  been  profoundly 
affected  by  earth-movements,  whereas  the  Tertiary  volcanic  district 
of  the  West  of  Scotland  has  not  been  so  affected. 

This  argument  is  in  itself  not  conclusive,  but  it  becomes  greatly 
strengthened  when  we  consider  the  distribution  of  gabbros  of  the 
Liza^  type.  They  have  been  described  by  Dr.  Beusch  ^  from  the 
Bergen  Peninsula,  by  Prof.  Lehmann'  from  the  granulitio  region  of 
Saxony,  and  by  Mr.  Hatch  ^  from  the  Tyrol.  Each  one  of  these 
districts  gives  independent  evidence  of  having  been  subjected  to 
pressure-metamorphism.  Perhaps  ihe  most  convincing  proof  that 
the  structure  is  the  result  of  movement  after  the  consolidation  of  the 

1  Die  FossHien  fiihrenden  krystallinischen  Schiefer  Ton  Bergen  in  Norwegen, 
Leipzig,  1883. 
'  Die  Entstehnng  der  altkrystallinischen  Schiefeigesteinen,  Bonn,  1884,  p.  190. 
s  Tsch.  Min.  Mitth,  Band  Vll.  (1885),  p.  75. 
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look  ia,  however,  fornislied  by  its  relation  to  fanlt-planes.  A  rook 
must  neoessarily  be  solid  before  it  oan  be  faulted.  Now,  we  find 
at  Pen  Yoose  near  Landewednack,  that  massive  gabbro  passes  over 
into  gabbro-sehist  at  a  fault-plane,  and  that  the  foliation  in  the 
gabbro  is  suoh  as  would  be  produced  by  a  shearing  motion  parallel 
with  the  fault-plane.  Taking  all  the  faots  into  consideration,  we 
appear  to  be  justified  in  ooncluding  that  the  foliation  in  the  Lizard 
gabbros  is  the  result  of  pressure-  or  regional-metamorphism.  It 
seems  also  probable  that  the  replaoement  of  felspar  and  diallage  by 
saussurite  and  hornblende  has  been  largely  determined  by  the  same 
agency. 

DESCRIPTION  OP  PLATE  XIII. 

The  Plate  represents  the  appearance  of  a  polished  slab  of  the  angen-gabbro  of  Earak- 
dews.  The  **  eyes  "  are  formed  of  diallage.  The  dark  bands  are  formed  mainly  of 
green  hornblende ;  the  white  bands,  of  the  aggregate  generally  known  as  sanssurite. 
The  white  spots  seen  in  certain  parts  of  the  Plate  represent  an  undetermined  mineral 
which  is  almost  constantly  present  in  the  Lizard  g^aobros.  It  appears  in  the  glassy, 
felspar  of  the  comparatively  unaltered  rocks,  and  increases  in  amount  as  the  felspar 
passes  into  the  condition  of  saussurite.  There  is  much  greater  detail  in  the  dark 
imnds  than  is  represented  in  the  Plate.  The  block  is  trayeraed  by  narrow  reins  which 
cut  the  planes  of  foliation  at  angles  of  about  15**. 


n. — On  the  Ffynon  Beuno  Gates. 
By  Prof.  T.  McKbnny  Hughes,  M.A.,  F.G.S. 

MnOH  interest  has  been  reoently  aroused  in  the  exploration  of 
the  eaves  of  the  Yale  of  Clwyd,  partly  by  the  enthusiasm  of 
the  prinoipal  promoter  of  the  investigation,  Dr.  Hioks,  but  ohiefly 
owing  to  the  inferenoes  he  has  drawn  from  the  observations  made. 
When  reading  the  Beport  of  the  British  Association  Committee  for 
the  Exploration,  of  which  he  was  Secretary,  he  assumed  the  entire 
responsibility  of  those  theoretical  deductions.  In  these,  however, 
he  was  supported  by  all  the  speakers  who  followed  him  on  the 
subject,  including  the  other  members  of  the  Committee  excepting 
myself.  He  had  previously  anticipated  the  report  by  the  announce- 
ment in  Nature  of  his  discovery  of  Pre-Glaoial  Man  in  the  Yale 
of  Clwyd.  I  therefore  ask  leave  briefly  to  state  my  reasons  for 
differing  from  his  conclusions. 

First,  I  recognize  in  the  Vale  of  Clwyd  four  drifts  which  must  be 
distinguished  in  this  inquiry. 

1.  The  Arenig  Drift,  which  contains  fragments  from  the  W.  and  S. 
only,  and  which  is  the  only  true  glacial  deposit  in  the  Yale  of  Clwyd, 
as  tiiere  is  no  evidence  of  any  glacier  having  ever  come  down  the 
Yale. 

2.  The  Clwydian  Drift,  —  (A)  a  marine  deposit  due  to  the  sub- 
meigence  which  followed  the  age  of  extreme  glaciation  and  contain- 
ing, in  addition  to  the  re-sorted  debris  of  the  older  drift,  flint  and 
fragments  of  granite  and  other  north-country  rocks.  (B)  the  still 
further  winnowed  d6bris  belonging  to  the  age  of  emergence. 

I  am  not  veiy  dear  about  the  possibility  of  often  distinguishing 
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between  A  and  B ;  bat  there  is  a  good  deal  of  evidence  in  some 
localities. 

3.  The  almost  universal  covering  of  re-sorted  drifts  and  rain-wash, 
the  results  of  subaerial  denudation  since  the  submergence. 

If  the  mouth  of  a  cave  is  said  to  be  blocked  by  drift,  we  must  be 
careful  to  enquire  tohcU  drifts  before  we  take  it  as  a  measure  of  the 
age  of  the  cave-deposits. 

There  are  some  other  points  also  which  must  be  attended  ta  We 
must  distinguish  between  the  age  of  the  caves  and  that  of  the  cave- 
deposits.  So  many  changes  and  modifications  go  on  in  some  cases 
that  their  history  and  that  of  their  contents  cannot  always  be  read, 
even  during  the  most  careful  excavation. 

There  are  in  the  Yale  of  Glwyd  many  caves  representing  subter- 
ranean channels  through  which  the  water  running  ofif  the  Silurian 
hiUs  around,  drops  into  fissures  on  reaching  the  Mountain  Limestone, 
and  finds  its  way  to  lower  ground.  Some  of  these  caves  are  being 
formed  now,  and  in  some  of  them  mud  still  settles  after  floods. 
Bones  and  stones  still  get  washed  down  into  the  fissures  which  feed 
the  cave,  and  these  fissures  are  often  enlarged  or  new  ones  opened 
where  the  moisture  can  get  access  to  the  rook.  So  of  course  the 
wash  from  the  superficial  deposits  forms  a  large  item  in  the  later 
packing  of  a  cave.  In  the  Plas  Heaton  cave,  which  I  explored  with 
the  late  Mr.  John  Heaton,  I  found  pieces  of  magnums  in  the 
cave-earth  which  were  beyond  where  man  could  creep  when  I  first 
knew  the  cave.  The  other  end  of  that  cave  was  blocked  with  clay, 
full  of  glaciated  boulders :  a  mass  nndistinguishaUe  from  the  clayey 
Glwydian  drift.  In  the  Pontnewydd  cave,  on  the  other  hand,  I 
found  felstone  implements  and  flint  flakes  not  far  from  the  snrfiMe 
near  the  mouUi  of  the  cave. 

The  limestone  on  both  sides  of  the  little  ravine  which  runs  down 
into  the  Yale  of  Olwyd  at  Ffynon  Beuno,  near  the  village  of 
Tremeirchion,  is  perforated  with  numerous  caves  and  cavernous 
places.  They  very  frequently  coincide  more  or  less  with  lines  of 
joint  and  small  &ults,  along  which  calc-spar  and  various  minerals 
suggested  Uie  possibility  of  ore.  One  precipitous  face  on  the  north 
side  had  an  open  cave  large  enough  to  furnish  a  shelter  for  cattle. 
In  this  trial-holes  had  been  dug,  and  the  cave-earth  had  been  moved 
in  places.  The  fragments  of  bone  lying  about  suggested  that  the 
Sheep  and  Fox  of  to-day  had  once  been  represented  by  the  Stag  and 
Hyasna,  and  I  suggested  to  the  Chester  Natural  Science  Society  to 
open  these  caves,  and  foretold  the  probability  of  our  obtaining  the 
remains  of  Primeval  Man.  The  following  year  Dr.  Hicks  excavated 
near  the  mouth  of  the  cave,  and  obtained  such  interesting  results, 
that  he  obtained  a  grant  from  the  Boyal  Society,  and  afterwards 
from  the  British  Association,  to  enable  him  to  carry  on  the  explora- 
tions, the  results  of  which  he  has  laid  before  the  Asso<»ation  and 
other  scientific  societies.  A  few  feet  higher  up  the  rock-face  is 
another  opening  belonging  to  the  same  drainage-system.  This  also 
has  been  excavated  by  Dr.  Hicks  and  Mr.  Luxmoore,  and  it  has  been 
supposed  that  in  it  evidence  has  been  obtained  of  the  lesidence  of 
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L  in  ihii  locality  before  the  dose  of  the  Qlacial  period.  Now  the 
evidence  is  briefly  this.  This  cave  was  filled  with  a  clayey  or 
sandy  deposit,  containing  bones  of  the  extinct  Mammalia  and 
boulders  of  various  materiaL  On  excavating  this  deposit,  the  other 
or  N.W.  month  of  the  cave  was  found  to  be  concealed  under  a  deep 
deposit  of  sand  and  sandy  clay  full  of  boulders  under  which,  beyond 
the  oveiiianging  ledge  of  rook,  were  fragments  of  bone  similar  to 
those  occurring  in  the  cave,  and,  close  to  the  mouth  of  the  cave,  a 
flint  flake  was  found  imbedded  in  red  sandy  clay,  and  associated 
with  the  teeth  of  Rhinoceros,  etc. 

Now  what  are  tiie  points  ?  Was  this  drift  No.  1,  or  No.  2  A,  or 
No.  2  B,  or  No.  8,  of  our  classification  given  above  on  p.  489  ? 

Oertainly  not  No.  1,  as  it  contains  north  country  granites,  etc., 
which  came  into  that  district  for  the  first  time  with  tiae  submergence. 
Th^efore  the  drift  must  belong  to  No.  2  or  8,  and  these  are  Post- 
Glacial. 

We  have  next  to  ask  whether  it  is  probable  that  the  drift  which 
lies  on  the  bones  outside  the  cave  can  be  the  drift  laid  down  in  the 
great  Post-Glacial  submergence,  and  the  cave-deposits  belong  to  a 
time  anterior  to  that  submergence.  Let  those  accept  this  view  who 
can  imagine  that  the  waves  dashing  against  a  precipitous  rock  ex« 
posed  to  the  N.W.  winds  would  not  have  swept  such  loose  debris 
into  the  deep  fjord  below,  and  swilled  out  the  cave  quite  clean  in 
every  tide. 

I  strongly  suspect,  though  I  cannot  quite  prove  it,  that  the  mass 
which  overlaps  the  mouth  of  the  cave  belongs  to  No.  8  drift — I 
know  of  no  part  of  the  marginal  drift  at  all  like  it  and  it  differs 
much  from  any  of  that  seen  in  the  central  portion  of  the  Yale. 
Neither  the  beds  in  the  cave  nor  those  outside  it  look  like  a  shore- 
deposit. 

Again,  no  notice  has  been  taken  of  the  old  fence  which  runs  along 
the  slope  up  to  the  precipice,  about  20  feet  from  the  entrance  to  the 
upper  cave,  where  the  flake  was  found.  The  soil  has  accumulated 
against  the  upper  side  of  this  fence  until  there  is  now  a  drop  of  eight 
feet  to  the  level  of  the  ground  on  the  lower  side  of  the  fence,  l^is 
tells  of  a  pretty  rapid  working  down  tiie  slope  of  all  the  soft  surface 
drift.  I  Ihink  I  recognize  in  some  of  the  stones  out  of  the  so-called 
Glacial  drift  that  blocked  the  cave  the  traces  of  agricultural  imple- 
ments as  well  as  true  Glacial  striee.  Tet  no  distinction  has  been 
made  between  a  newer  superficial  remanie  drift  and  an  older  true 
Olwydian  drifL  And  rightly  so  I  believe ;  it  is  all  remanie  as  far  as 
yet  explored. 

Next  as  to  the  flake.  It  occurred  in  a  sandy  clay  such  as  would 
be  derived  from  the  wash  of  the  Clwydian  drift  mixed  with  the 
unctuous  irony  residuum  of  the  decomposed  limestone,  and  not  in 
a  regular  layer  or  laminated  deposit  like  that  found  more  commonly 
in  the  central  portion  of  the  cave.  It  was  found  in  a  kind  of  hori- 
zontal fissure  after  an  overhanging  comer  of  limestone  had  been 
removed  from  dose  above  it.  Inside  of  and  more  especially  at  the 
mouth  of  .most  caves  there  is  a  breccia  consisting  of  angular  &ag- 
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ments  wliioh  have  falleii  firom  the  rock  while  the  oave  was  exposed 
to  changes  in  the  amount  of  moisture  and  temperature.  The  inter- 
stices get  filled  with  inwashed  clay.  Sometimes  the  mouth  is 
blocked  by  a  perfect  barricade  of  large  blocks  which  have  fallen 
from  the  face  of  the  rock  where  most  exposed.  This  was  very  con- 
spicuous at  Plas  HeatoD.  At  Ffynon  Beuno,  however,  the  fragments 
at  the  upper  entrance  were  generally  small.  It  was  among  these 
that  the  fiake  was  found. 

I  do  not,  however,  attach  so  much  importance  as  some  do  to  the 
questions  connected  with  the  flake.  It  would  be  difficult  enough  to 
prove  that  the  group  of  animals  found  in  the  Ffynon  Beuno  caves 
were  Pre-Glacial,  for  they  are  the  animals  commonly  found  assodated 
with  Palceolithic  Man,  and  do  not  even  include  what  we  are  accus- 
tomed to  consider  the  oldest  forms  amongst  them. 

To  sum  up.  Firstly,  the  deposits  of  the  Ffynon  Beuno  caves 
cannot  have  been  formed  before  the  submergence,  because  rocks  first 
brought  into  the  district  during  the  submergence  are  found  among 
them.  They  cannot  have  been  formed  during  the  snbmeigenoe, 
because  the  bone  deposits  at  the  mouth  would  have  been  washed 
away,  and  the  deposits  inside  would  have  shown  some  evidence  of 
sea-sorting.  So  tiiiey  must  belong  to  an  age  later  than  the  sub- 
mergence, and  h  fortiori  later  than  the  Glacial  age.  Secondly,  the 
blocking  of  the  upper  entrance  seems  to  have  taken  place  gradually; 
and  while  it  was  going  on,  drift  material  was  washed  into  the  cave, 
and  various  objects  got  into  the  crevices  of  the  broken  limestone 
talus ;  but  the  lower  end  of  the  cave,  next  the  precipice,  remained 
open.  Thirdly,  the  palssontological  evidence  is  against  the  Pre- 
Glacial  age  of  the  deposit,  as  the  bones  belong  to  the  newer  group  of 
animals  found  elsewhere  in  undoubtedly  Post-Glacial  river  deposits. 

m. — Ok  a  Faobttsd  and  Stbiatkd  Pebble  feom  the  Ouvb 
Gboup  Cokglomebate  or  Olibl  Hill  in  the  Salt  Banoe  or 
THE  Punjab,  India.' 

By  A.  B.  Wthnb,  F.G.S. 

AMONGST  others  found  by  Dr.  H.  K.  Warth,  the  particular 
pebble  referred  to  was  picked  up  by  its  discoverer  on  the  10th 
of  June,  1886,  in  about  lat  32°  48'  N.  and  long.  73°  15'  K  Its 
size  is  3^  inches  by  2^  by  2  inches ;  and  its  weight  is  10^  oz.  The 
material  is  felsitic  rock,  the  colour  reddish-brown,  and  its  densify 
=  2-608  (that  of  albite  being  2-59— 2-64). 

The  age  of  the  Olive  Group,  from  which  the  pebble  came,  is  pre- 
Tertiary  and  probably  later  Secondary,  but  has  even  been  assumed  as 
Carboniferous,  upon  what  the  author  believed  to  be  inconclusive 
evidence.' 

The  pebble  itself  is  smoothed,  polished,  and  striated  upon  twelve 
different  surfaces.    Of  these  about  six  are  perfectly  flat,  others  less 

^  Paper  read  before  the  Britisb  Association,  Birmingbam. 

'  See  Geol.  Mao.  Decade  III.  Vol.  III.  p.  232, 1886.  The  specimen  itself  is  in 
the  Mnsenm  of  the  Department  of  Science  and  Art  in  Dublin,  and  the  enlarged 
photograph  referred  to  was  presented  to  the  Geological  Sodety,  London. 
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eveiL  On  the  largest  Borfaoe  the  etriation  is  fine,  nearly  in  the 
direction  of  the  longest  axis  of  the  pebhle,  on  other  surfaces  they 
cross  this  direction  at  various  acute  angles,  ranging  from  5^  to  25^ 
and  upwards. 

An  enlarged  photograph  of  the  pebble,  showing  its  principal  face 
and  the  weU-marked  striation  of  tiiis,  was  exhibited.  Some  of  the 
planes  show  small  cavities,  once  apparently  filled  by  crystals  of 
pyrites,  which,  being  dislodged  and  forced,  always  in  similar 
parallel  directions,  became  the  graving-tools  by  which  the  stone  was 
scored.  n 

Ftojection  of  some  of  the  faces  of  the  pebble,  by  Prof.  O'Beilly,  Bl.  Col.  So.  Dnb. 
Beduced  to  two-thirds  nat.  size. 


In  this  fl^nre  the  pebble's  principal  face  is  shown  to  the  left,  and  the  others  con- 
secntiyely  in  contact  in  one  direction  as  they  adjoin  each  other  on  the  specimen ; 
the  figures  denoting  the  angle  between  each  face. 

From  the  position  of  a  group  of  the  facets,  all  contiguous  and  of 
unequal  size,  together  with  the  slight  difference  of  direction  in  their 
striation,  it  appears  that  this  pebble  made  about  a  half  revolution 
nearly  around  its  major  axis  by  six  separate  stages,  being  ground  and 
polished  at  each  stage  to  a  degree  closely  simulating  the  most 
artificial  accuracy. 

The  conditions  which  would  permit  of  this  result  become  a  question 
for  consideration.  Supposing  the  pebble  to  have  been  grasped  by  ice, 
whatever  its  bulk,  having  an  effective  hold  of  but  two  inches ; 
this  being  the  utmost  amount  to  which  it  could  have  been  imbedded 
while  any  of  these  surfaces  was  exposed :  will  this  account  for  the 
sculpture  of  the  specimens  ? 

Other  questions  which  the  pebble  suggested  were : — 

1.  How  it  became  so  frequently  shifted  in  the  matrix  which 
produced  the  resistance  that  not  alone  was  one-half  of  it  subjected 
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to  grindifig  processes  flrom  different  direotiono,  but  its  ezaody  opposite 
side  was  even  more  perfectly  smoothed  and  marked  than  any  other  ? 

2.  On  the  supposition  that  ice  was  an  agent  in  the  case,  does  the 
differenoe  in  the  angles  of  the  faces  and  the  direction  of  the  striation 
afford  a  measure  of  the  plasticity  of  ioe  ? 

3.  What  form  of  ioe  agency  may  have  been  the  originating  oaosei 
shore,  ground,  floe,  floating  or  glacier  ice  ? 

4.  Was  the  pebble  continuously  frozen  in  or  free  at  times,  and  was  it 
imbedded  in  a  moving  ice  mass,  or  held  so  as  to  oppose  such  a  foroe  ? 

5.  Gould  any  other  agency  than  that  of  ice  have  produced  the 
result? 

These  questions  were  laid  before  the  Section,  in  order  to  obtain 
general  and  valuable  opinions,  or  elicit  suggestions  upon  a  point  of 
great  interest,  in  any  case,  but  particularly,  as  bearing  upon  the 
existence  of  an  earlier  glacial  period  than  that  so  well  known  to 
modem  geologists ;  and  one  which  has  left  its  trace  in  regions  where 
glaciers  cannot  now  possibly  exist,  though  these  are  found,  at  a 
distance,  in  the  higher  regions  of  the  Himalayan  chain ;  but  even 
there  entirely  dissociated  from  direct  connexion  with  any  portion  of 
the  Salt  Bange  Greological  Series. 

rV. — Notes  on  a  Smoothed  akd  Steiated  Bottldeb  prou  a  Pbe- 

TEBTIABY  DbPOSTC  IN  THE  PuNJAB  SaLT  EaKGE.^ 

By  Dr.  W.  T.  Blanpobd,  F.It.S.,  Sec  GeoL  Soc. 

THE  block  of  stone  in  question,  like  another  exhibited  by  Mr.  A.  B. 
Wynne,  was  obtained  by  Dr.  Warth,  at  Chel  Hill,  in  the  Punjab 
Salt  Range.  This  specimen  was  sent  by  Dr.  Warth  to  Mr.  H.  B. 
Medlicott,  Director  of  the  Geological  Survey  of  India,  who  forwarded 
it  to  the  present  writer,  in  the  hope  of  learning  the  views  of  those  who 
have  most  experience  of  similarly  marked  boulders,  and  of  ascertaining 
whether  the  peculiar  characters  of  the  present  specimen  are  due  to  any 
particular  form  of  ioe  action  or  to  any  other  agency. 

The  stone  consists  of  a  purplish-brown  porphyry,  apparently  an 
altered  felspar-porphyry.  This  rock  is  known  to  occur  in  Rajputana, 
near  Jodhpur,  between  300  and  400  miles  south  of  the  Salt  Bange, 
and  belongs  to  a  group  of  beds  supposed  to  be  Archaean,  and  known  by 
the  name  of  Maldni.  These  rooks  may  occur  nearer  to  the  Salt  Bange, 
but  the  intervening  country  is  imperfectly  known,  and  is  much  covered 
with  river  alluvium  and  blown  sand. 

The  boulder  exhibited  measures  7^"  X  6^  X  3^''.  It  is  subangular, 
the  two  principal  surfaces  are  plane,  smooth,  finely  striated,  opposite 
to  each  other,  and  nearly  but  not  quite  parallel.  Each  of  these  sur- 
faces is  bevelled  off  on  one  edge  by  a  number  of  smaller  facets,  meet- 
ing the  principal  surface  and  each  other  at  very  obtuse  angles.  Besides 
the  larger  plane  surface  there  are  on  one  side  five  smaller  smoothed 
facets,  and  on  the  other  two,  but  one  in  each  case  is  ill-marked,  the 
angle  at  which  it  meets  the  next  surface  being  so  obtuse  as  to  be  with 
difficulty  recognized.  All  the  smoothed  surfaces  on  one  side  are 
striated  in  the  same  direction;  those  on  the  other  side  are  striated 
1  A  paper  read  before  the  British  AflBodation,  Birmingham. 
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dmflarly  to  each  other,  bnt  diversely  to  those  on  the  opposite  surface 
of  the  block.  Those  surfaces  of  the  block  that  are  not  smoothed  are 
somewhat  rounded. 

The  bed  from  which  the  block  was  obtained  is  said  to  abound  in 
similar  boulders,  but  they  are  not  in  general  smoothed  or  striated. 
They  are  found  in  an  olive-coloured  matrix  of  fine  silt  The  bed  has 
been  described  by  Mr.  Wynne,  Dr.  Waagen,  and  Mr.  E.  Oldham,  and 
a  general  rSsumi  of  its  geological  relations  was  given  in  the  Quart. 
Joum.  Geol.  See.  for  the  present  year,  p.  254.  The  strata  immediately 
overlying  are  marine,  and  contain  fossils  that  are  either  FalsBocene  or 
very  hig^  Cretaceous,  but  the  age  of  the  boulder  bed  itself  is  some- 
what doubtfuL  The  occurrence  of  large  boulders  in  a  fine  silt  appears 
to  indicate  glacial  conditions  as  in  the  Talchir  beds  of  India,  of  which 
there  is  a  possibility  that  this  Salt  Bange  bed  may  be  a  representative, 
although  most  of  those  who  have  examined  the  ground  think  it  to 
belong  to  a  much  later  geological  period,  and  associate  it  with  the  over- 
lying Upper  Cretaceous  or  Palseocene  strata. 


0 


V. — On  Fossil  Flowbeing  ob  Phankbogamous  Plants. 
By  J.  S.  Gardnbb,  F.L.S.,  F.G.S.* 
UB  attention  has  been  devoted  exclusively  this  year  to  the  fossil 


flowering  or  phanerogamous  plants.  The  results  of  our  re- 
searches point  to  the  conclusion  that  while  that  section  known  as 
Qymnospermous,  to  which  the  ConiferaB  belong,  is  of  the  highest 
antiquity,  being  almost  coeval  with  the  first  definite  remains  of  plants 
in  the  Palsdozoio  age,  there  are  no  Angiospermous  plants  in  British 
rocks  of  greater  antiquity  than  the  Secondary  period,  if  we  except 
the  problematic  plant  known  as  Spirangium.  Even  down  to  so  late 
as  the  Lias  we  have  been  unable  to  ascertain  that  any  indisputable 
Angiosperm  has  been  discovered  within  our  area,  for  we  are  led  to 
the  conclusion  that  the  supposed  Monocotyledons  from  the  Bhsstics, 
near  Bristol,  hitherto  referred  to  the  family  of  Pond- weeds  under  the 
name  Najadita,  are  really  cryptogamio  plants  of  the  moss  tribe, 
closely  allied  to  the  river  moss  Fontinalis.  This  group  had  not  pre- 
viously been  found  fossil,  and,  so  far  as  it  goes,  would  indicate  rather 
a  temperate  climate.  It  is  important  to  notice  that  these  conclusions 
are  shared  by  such  high  authorities  on  fossil  plants  as  Prof.  Williamson, 
Mr.  Carruthers,  and  by  all  botanists  who  have  examined  them,  as 
well  as  Mr.  Brodie,  the  possessor  of  the  specimens.  The  Lt7ta, 
Ben«onta,  and  other  supposed  Monocotyledons  of  similar  age  are  t 
very  imperfectly  preserved  and,  doubtless  referable  to  Cywds,  a  h 
family  which  abounded  then. 

We  have  examined  a  large  number  of  specimens  of  the  anomalous 
Jurassic  plant  described  by  Carruthers  as  Williamsonia,  It  is  well 
known  that  Prof.  Williamson,  in  whose  possession  or  charge  a  number 
of  the  finest  specimens  remain,  has  devoted  a  considerable  amount 

^  Being  the  Second  Report  of  the  Committee,  consisting  of  Mr.  W.  T.  Blanford, 
Professor  J.  W.  Judd,  and  Messrs.  W.  Carruthers,  H.  Woodward,  and  J.  S. 
Gardner  (Secretary),  appointed  by  the  British  Association  for  the  purpose  of  reporting 
on  the  Fossil  Plants  of  the  Tertiarj  and  Secondary  Beds  of  the  United  Kingdom. 
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of  attention  to  tliem,  without,  however,  feeling  justified  in  coming 
to  any  very  definite  conolnsion  as  to  their  true  position  in  the  vegetable 
world.  De  Saporta,  on  the  other  hand,  has  found  more  perfectly 
preserved  specimens  in  France,  and  has  no  hesitation  whatever  in 
referring  them  to  the  group  of  FandanaeecB.  Though  there  are  still 
many  difficulties  in  the  way,  our  own  examination  of  the  specimens 
in  London,  Manchester,  Cambridge,  and  elsewhere,  tends  to  confirm 
Saporta's  view  so  far  as  that  &ere  do  appear  to  be  vestiges,  in 
some  cases  at  least,  of  lignitic  structure  which  may  represent  the 
areolce  or  carpels.  These  rather  minute  cavities  and  the  lignitic 
matter  surrounding  them  fall  away  on  exposure  to  the  air,  and 
only  traces  of  them  are  visible.  Should  Saporta's  contention 
be  upheld,  Williamsania  will  be  by  far  the  most  perfectly  known  of 
the  Secondary  Angiosperms,  since  all  the  organs  of  fructification 
and  even  of  foliation  are  more  or  less  known. 

A  still  more  definite  Monocotyledon  is  the  Podocarya^  from  the 
Inferior  Oolite,  originally  figured  by  Buckland,  and  redescribed  by 
Oarruthers.  Its  resemblance  to  the  fruit  of  WilliaiMcmia,  as  in- 
terpreted by  Saporta,  is  extremely  striking,  and  on  suggesting  this 
to  that  author,  he  replied  that  he  was  in  the  act  of  preparing'  an 
important  work  on  the  very  subject  The  same  work  is  to  include 
an  illustration  of  the  most  recent  member  of  the  group,  obtained 
from  the  Grey  Chalk  of  Dover,  and  which  we  thought  advisable  to 
communicate  to  him. 

Next  in  point  of  age,  among  English  Monocotyledons,  to  the 
Podocarya  is  the  Kaidacarpum,  from  the  Great  Oolite,  also  described 
by  Carruthers,  and  by  him  referred  to  the  PandaneoB,  We  have  been 
able  to  ascertain  that  a  second  species,  hitherto  supposed  to  be  of 
Cretaceous  age,  from  the  Potton  Sands,  is  a  derived  fossil,  and  un- 
doubtedly Jurassic.  A  third  species  was  originally  figured,  without 
any  reference  in  the  letterpress  as  to  its  age  or  locali^,  by  Lindley 
and  Hutton  as  Strohilitea  Bucklandi,  in  their  *  Fossil  Flora,*  vol.  iL 
p.  129,  published  between  1833-35,  from  a  drawing  made  by  Miss 
E.  Benett  for  Dr.  Buckland.  In  the  first  edition  of  Morris's 
*  Catalogue,'  1843,  it  is  set  down  as  from  *  Gr.  S.  Wilts,'  which  cannot 
mean  either  Lower  or  Upper  Greensand,  the  abbreviations  for  which 
are  '  L.  G.  S.'  and  '  U.  G.  S.,'  but  which  certainly  looks  like  a  mis- 
print for  *  Gr.  0.,'  the  sign  for  Great  Oolite.  In  the  second  edition 
of  Morris,  1854,  the  locality  is  corrected  to  *  U.  G.  S.  Wiltshire,' 
but  it  appears  likely  that  the  correction  may  have  been  made  without 
ascertaining  the  facts  de  novo,  for  the  only  entry  occurring  in  Miss 
Benett's  '  Catalogue  of  the  Organic  Eemains  of  Wiltshire,'  published 
in  1831,  that  could  possibly  refer  to  this  fossil,  is  a  '  Cycadeoideaf  * 
from  the  Portland  Beds,  which  occurs  under  the  heading '  Woods '  on 
p.  9.  A  journey  to  Newcastle  with  the  object  of  examining  the 
Hutton  collection  of  fossil  plants,  where  it  seemed  probable  the 
specimen  might  be  found,  has  been  unsuccessful,  and  its  present 
whereabouts  is  still  unknown.  We  think,  it  however,  far  more 
likely  to  prove  a  Jurassic  than  a  Cretaceous  fossil  if  found,  and  the 
genus  should  not  be  included  in  lists  of  plants  of  the  latter  age. 
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The  oldest  MonoootyledonB  thus  appear  to  be  referable  to  thov 
PandanesB,  a  group  of  plants   distributed  in  widely  distant  and    ^'^ 
remote  ooeanic  islands,  whose  fruits  are  still  met  with  at  sea  in  drifts/ 
of  vegetable  matter. 

Next  to  these  in  antiquity  are  two  very  monoootyledonous-looking 
fragments  from  the  Jurassic  of  Yorkshire,  which  have  been  fully 
described  in  the  Geological  Maoazink  for  May  and  August.  The 
one  is  apparently  an  unopened  palm-like  spathe,  and  the  other  a 
jointed  cane-like  stem.  Mr.  Brodie  possesses  an  undoubtedly  mono- 
ootyledonous  leaf  fragment  from  the  Purbeck  of  Swindon. 

The  AroidecB  have  long  been  supposed  to  be  a  group  of  very  high  r 
antiquity,  but  there  are  good  reasons  for  believing  that  the  suppossdj 
remains  of  aroideous  plants  from  beneath  the  Tertiaries  are,  without 
exception,  referable  to  other  groups,  and  actually  there  are  no  known 
traces  of  them  earlier  than  the  Middle  Eocene,  when  they  become  by 
no  means  uncommon. 

In  a  similar  manner  the  fruits  once  supposed  to  represent  palnn 
in  the  Pakeozoic  and  Mesozoic  rocks  have  been  gradually  removed 
or  suppressed,  and,  unless  the  fragments  of  palm-like  wood  in  the 
Qault  at  Folkestone  are  taken  into  account,  there  are  no  traces  of  palms  | 
in  any  of  our  Secondary  strata.  They,  however,  appear  as  low  down 
i^  our  Eocene  as  the  Woolwich  series. 

We  ar4  not  able  to  speak  with  certainty  regarding  the  supposed 
liliaceous  or  Draccena-like  stems  from  the  Wealden,  so  frequently 
mentioned  by  Mantell,  since  it  is  not  easy  now  to  identify  the  par- 
ticular specimens  referred  to  by  him ;  but  it  is  very  probable  that 
certain  stems  of  Endogenites  in  the  British  Museum  are  those  intended, 
in  whibh  case  they  are,  of  course,  cycadeous.    The  Wealden  has, 
indeed,  so  far  yielded  no  trace  whatever  of  any  more  highly  organized 
plants  than  ferns  and  Gymnosperms,  and  this,  when  we  consider  • 
that  Monocotyledons  were  undoubtedly  in  existence,  is  a  fact  that  / 
should  be  of  great  significance  to  speculative  geologists.    The  sedi- 
ments must  represent  the  deposits  of  the  drainage  system  of  a  large 
area,  for  they  are  of  vast  extent  and  thickness,  varied  in  character, 
and  abounding  in  remains  of  trunks  and  stems,  fruits  and  foliage  of 
plants.    In  them,  therefore,  if  anywhere,  we  might  reasonably  expect 
to  find  at  least  the  traces  of  reed  and  rush,  but  the  swamps  seem  ^f    ^  ^ 
have  been  tenanted  only  by  Equisetum  and  ferns,  and  the  forests  by|    ^  ^ 
Cycads  and  Conifers. 

The  same  absence  of  Angiosperms,  so  far  as  British  rocks  are  con- 
cerned, is  continuous  throughout  the  Neocomian  and  Gault,  and  it  is 
only  in  the  White  Chalk  that  we  meet  with  any  indications  of  them, 
and  these  only  take  the  form  of  a  more  than  suspicioas  impression 
of  a  net- veined  leaf,  in  the  Jermyn  Street  Museum,  and  of  some 
structureless  bodies  which  were  apparently  some  kind  of  fruit. 

When,  however,  we  turn  to  the  gymnospermous  section  of  Phane- 
rogams, the  records  are  very  different.  To  refer  here  to  the  earlier 
Secondary  Coniferse  and  Cycadeee  would  be  quite  beyond  our  pro- 
vince, and  it  is  only  those  of  the  Cretaceous,  as  the  last  discovei-able 
ancestors  in  our  area  of  the  Eocene  fiora,  that  are  of  immediate 
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interest.  These  belong,  exolnding  Gyoads,  chiefly  to  the  newest 
section  of  the  Coniferea,  the  Pine  family.  We  are  able  to  make  the 
following  contribution  to  our  knowledge  of  these : 

Pinites  Andraif  Coemans.  '  Flore  fossile  du  Terrain  Gretaoe  da 
Hainault,'  1866,  p.  13,  pi.  v.  fig.  1.    Gault,  Folkestone. 

This  specimen  measures  5  centimetres  in  length  and  nearly  3c.  in 
breadth,  though  something  should  be  perhaps  deducted  for  the  com- 
pression undergone.  When  perfect,  it  was  probably  composed  of 
50  to  60  imbricated  leathery  scales,  about  half  that  number  being 
visible  on  the  exposed  face.  The  substance  of  the  scale  seems  to 
have  been  considerable,  though  the  edges  are  thin ;  they  are  smooth 
even  without  strisB,  and  with  the  upper  margin  round  to  obtusely 
pointed.    They  are  apparently  variable  in  size. 

The  cone  is  of  the  same  general  type  as  P.  Andrai,  Coem.,  from 
the  Gtiult  of  La  Louviere,  Hainault,  though  somewhat  shorter,  more 
oval,  and  with  thinner  emd  rounder  scales.  The  form  and  general 
consistence  of  the  scales,  as  well  as  their  size,  the  number  composing 
each  whorl,  and  their  disposition  are,  however,  so  similar  that  we 
think  it  better,  in  the  case  of  so  imperfect  a  specimen,  to  unite  it 
rather  than  claim  specific  rank  on  account  of  distinctions  that  might 
largely  disappear  with  more  perfect  specimens.  If  the  assimilation 
is  correct,  the  apex  of  the  cone,  as  well  as  the  base,  would  have  been 
somewhat  pointed.  The  cones  are  most  abundant  at  La  Louviere, 
more  than  100  specimens  having  been  collected ;  and  they  are  stated 
to  have  been  fre(][uently  curved  and  highly  resinous.  The  specimen 
from  Folkestone  was  found  by  us,  being  unique  from  that  locality, 
and  is  now  in  the  British  Museum.     . 

Pinites  Valdensis,  sp.  nov,,  Wealden,  Brook  Point,  Isle  of  Wight 

This  fragment  shows  the  presence  in  the  Wealden  flora  of  a  Pine 
of  the  section  Strobus  with  a  cone  composed  of  scales  as  numerous 
and  thin  as  in  any  recent  species.  The  cone  was  long,  cylindrical, 
and  tapering;  the  scales  very  numerous,  permanent,  imbricated, 
leathery,  pointed,  and  lightly  thickened  at  the  apex,  with  entire 
margin,  striated,  and  slightly  keeled.  It  somewhat  resembles 
P.  Dtmkeri,  Carr.,  also  of  the  Wealden,  but  is  probably  a  distinct 
species.  One  specimen  is  in  the  York  Museum,  and  another,  in 
which  all  the  scales  are  mutilated,  is  in  the  Woodwardian  Museum. 
Both  these,  with  several  others,  are  from  the  Wealden  of  Brook,  so 
that  it  appears  to  be  by  no  means  rare  there.  It  is  associated  with 
Cycadostrobus  elegans,  Carr.' 

Pinites  Carruthersi,  sp.  nov.  Wealden,  Brook  Point,  Isle  of  Wight 

The  fragment  represents  another  long  cylindrical  cone  with 
very  numerous  persistent  leathery  imbricated  scales.  It  tapers  like 
the  one  last  described  towards  the  base,  the  scales  being  much 
thicker,  though  thin  at  the  edge,  smooth,  without  keel,  and  with 
entire  rounded  margins.  It  resembles  the  Gkiult  species  P.  Andrai 
in  texture,  but  there  were  at  least  twice  as  many  scales  in  each 
whorl,  and  these  are  much  more  imbricated.  It  also  is  quite  distinct 
from  P  Dunkerif  Carr. 

^  Joum,  p/Bot.  vol.  iy.  pi.  lyii.  fig.  9. 
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It  resembles  CedrHS  Lennieri,  *  Sap.  Veg.  foas.  de  la  Craie  inferieure 
(les  Environs  do  Havre/  MSm.  de  la  Soc.  QioL  de  Normandte,  1877, 
but  is  not  apparently  the  same  species. 

Pinites  cylindroides,  sp.  nov.,  Lower  Greensand,  Potton. 

This  is  an  fdmost  perfectly  cylindrical  specimen,  being  very 
slightly  thickened  towards  the  base,  7  centimetres  in  length  and 
22  miUim.  in  diameter,  composed  of  about  96  scales,  arranged  in 
12  rows  from  left  to  right,  and  eight  rows  from  right  to  left,  the 
arrangement  thus  being  iV  The  scales  are  short  and  at  right  angles 
to  the  axis,  with  a  smooth  flat  half-moon-shaped  apophysis  or  scale- 
head,  now  gaping,  but  evidently  imbricated  before  the  seeds  were 
shed.  The  scales  become  very  small  towards  the  base.  The  summit 
is  abraded,  exposing  the  end  of  a  somewhat  slender  axis.  Certain 
grooved  [lines  on  the  sandy  matrix  between  the  scales  show  that 
the  cone  was  furnished  with  foliaceous  bracts,  and  the  marks  of 
a  boring  insect  are  visible.  The  specimen,  which  is  quite  distinct 
from  any  other  fossil  or  recent  cone,  is  singularly  elongated  and 
cylindrical,  scarcely  tapering  at  all  from  the  base  upward.  It  is 
fortunately  in  excellent  condition,  certainly  not  dei-ived  from  any 
older  bed,  like  so  many  of  the  Potton  fossils,  and  is  well  cared  for  in 
the  Woodwardian  Museum. 

Pinites  Pottonienaisy  sp.  nov..  Lower  Greensand,  Potton. 

The  fragment,  though  much  mutilated,  fortunately  shows  the 
cbaracteristically  winged  seeds  of  Pinus  in  the  most  perfect  manner, 
entirely  removing  any  lingering  doubt  as  to  the  occurrence  of 
representatives  of  true  Pinus  as  low  down  as  the  Neocomian.  The 
scales  were  set  at  an  acute  angle  with  slightly  thickened  recurved 
apophyses,  the  form  of  which  cannot  clearly  be  made  out,  though 
they  appear  to  have  been  narrow,  keeled,  and  mucronate.  It  nearly 
resembles  a  type  very  common  in  the  Eocene,  and  is  of  great  interest 
in  many  ways.  It  also  is  in  the  Woodwardian  Museum,  and  was 
obtained  from  the  same  formation. 

Another  specimen  evidently  represents  a  third  species  from  the 
Wealden  of  Brook,  with  scales  very  closely  resembling  a  common 
Barton  and  Bracklesham  type,  but  its  fragmentary  condition  scarcely 
renders  it  advisable  to  attach  any  specific  name  to  it. 

The    accompanying    list    comprises  all  the    British   Cretaceous 
Coniferss  previously  known  up  to  the  present  date,  though  there  is  no 
doubt  that  many  new  and  undescribed  forms  exist  in  collections. 
List  of  British  CRETACEors  Coniferje  frbtiouslt  dehcribed. 

Finitet  Fittoni,  Carr.,  Purbeck,  Fitton,  GeoL  Trans.  2nd  series,  vol.  iv.  p.  230,  pi. 

xxiL  fie.  9.    Danunarites,  Ung.  G.  et  Spec.  Plant,  foss.  p.  384.     Geol.  Mao. 

Vol.  111.  p.  643. 
P.  Mantellii,  Carr.,  Geol.  I.  of  W.  2nd  ed.  p.  452,  3rd  ed.  p.  377,  pi.  xlil  ;  and 

Carr.  Gym.  Fruits,  Geol.  Mao.  Vol.  III.  p.  543,  PI.  XXI.  Fig.  3,  Tilgate. 
P.  patens,  Carr.  id.  p.  643,  PI.  XXI.  Fig.  4,  Tilgate. 
P.  Dunkeri,  Carr.  id.  p.  642,  PL  XXI.  Fig.  1-2,  Brook.  Abietites,  Mant.  Geol.  I.  of 

Wight,  2nd  ed.  p.  462. 
P.  SussexienaiSy  Carr.  Zamia,  Mant.  Quart.  Journ.  Geol.  Soc.  vol.  ii.  p.  61,  pl.  2, 

fig.  1 ;  Zamites,  Morris  Cat.    Zamiostrobus,  Goepp.  Ueber  Schless.  Gesellsch. 

1844,  p.  129 ;  Pinites,  Carr.  Geol.  Mao.  Vol.  III.  p  641,  PI.  XX.  Figs.  6,  6. 
Cedru*  Zeekenbsfi,  Carr.  Pimte6,GE0L.  Mag,  Vol.  VI.  p.  2,  PI.  I.  Fig.  1-6,  Shanklin. 
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F.  elonpaiuBy  EndL  Synopt.  Gonif.  p.  286 ;  StrobilHet,  lind.  and  Hntt.  Fosb.  Flora, 

▼oL  ii.  p.  23,  pi.  29. 
0.  Bmstedif  Carr.    Abies,  Mant.    Quart.  Joum.  Geol.  Soo.  toL  ii.  p.  61,  pL  ii.  fig. 

2,  1846.    Pinitee,  Can*.    Jonm.  Bot.  Jan.  1867 ;  Gbol.  Mao.  YoL  III.  p. 

641 ;  Abietites,  Qoepp.  Foss.  Conif.  p.  217. 
Abies  obhnga^  lind.  and  Hatt  toI.  ii.  p.  166,  jpL  cxxxvii.     Supposed  to  be  £rom 

Gre^isand,  near  Lyme  Eegis:   described  by  a  misprint  as  from  'Dresent,' 

Instead  of  'present*  shore.    Elate,  Unger,  Syn.   p.   199.    Abietites,  Goepp. 

Foss.  Conif.  p.  207.    Pinites,  EndL  Synops.  Conif.  ^.  248 ;  Carr.    Gbol.  Mao. 

Vol.  III.  p.  o41.    rProfessor  Williamson  is  describii^  a  magnificent  specimen 

of  this  or  an  allied  lorm). 
FiniUs  praeiliMy  Cair.     GauH,  Folkestone,  Gbol.  Mao.  Vol.  YI.  p.  2,  PL  I.  Fig.  9. 
P.  hexaponua,  Carr.  id.^  Yol.  YIII.  p.  640,  pi.  XV. 
Sequoiitet  Qardneri^  Carr.  id.  Yol.  VI.  p.  2,  PL  I. 
Sequoiitn  ovalis,  Carr.  id.  Vol.  YIII. 
Sequoiiif  JToodwardii,  Carr.  Gbol.  Mao.  Yol.  III.  p.  644,  PL  XXL  Fig.  11-16, 

Blaokdown. 

We  have  now  dealt  with  the  xBore  highly-oi^ganized  of  onr 
Mesozoio  plants,  and  pass  on  to  those  of  the  Eocene. 

Among  the  most  interesting  of  reoent  discoveries  Is  that  of  plant 
remains  in  a  small  sand-pit  at  Golden  Common,  between  Bishopstoke 
and  Winchester,  the  first  locality  in  the  Hampshire  basin  that  has 
yielded  any  of  Woolwich  and  Beading  age.  This  was  first  com- 
municated to  ns  by  Mr.  Whitaker,  who  thought  .the  leaves  might 
prove  to  be  of  London  Clay  age.  They  are,  in  fact,  actually  included 
in  its  basement  bed,  and  mingled  with  oasts  of  marine  shells  and 
sharks'  teeth,  but  the  blocks  of  day  with  leaves  are  derived,  though 
other  unfossiliferous  clay-seams  are  tn  situ,  K  not  of  London  Clay 
age,  however,  they  are  much  nearer  to  it  than  the  Eeading  flora, 
which  occurs  below  the  great  mass  of  mottled  day,  whilst  these 
lie  above  it.  The  plants  show  in  the  main,  as  might  be  anttdpated, 
an  approach  to  the  Alum  Bay  flora,  which  is  still  higher  and 
above  the  London  Clay;  but  whether  these  leaves  are  connected 
in  any  closer  degree  with  the  fruits  of  Sheppey  than  are  those 
from  Woolwich,  Croydon,  or  Bromley,  is  a  question  which  we 
have  not  as  yet  the  data  for  answering.  There  are,  at  all  events, 
no  remains  of  Palms  among  them,  and  this,  so  far  as  it  goes, 
is  against  the  connection ;  but  on  the  other  hand  the  fruits  of  an 
AlnuB,  like  that  from  Swale  Cliff,  abound.  There  is  no  large 
variety  among  the  leaves,  the  majority  being  large  and  simple,  but 
with  highly  serrate  margins,  and  the  species  will  not  be  found 
to  exceed  12  or  14  in  number,  including  Platanus,  which  is  rare. 

Though  we  have  continued  to  collect  at  Beading,  we  have  been 
unable  so  far  to  determine  any  new  species.  The  assemblage  of 
fruits  at  Sheppey,  on  the  other  hand,  becomes  of  increasing  interest, 
ai)d  has  proved  unexpectedly  rich  in  Palms,  many  of  them  apparently 
identical  with  existing  species  which  are  now  found  growing  in  the 
remotest  regions. 

Besides  the  large  variety  of  Nipas,  which  are  still  met  with  in 
enormous  abundance  among  the  seed-vessels  of  the  New  Guinea 
drift,  we  have  seeds  indistinguishable  from  Verschaffeltia  splendtda, 

1  A  far  larger  specimen  tban  that  originally  described,  8  inches  long  by  1|  inches 
in  diameter,  has  since  been  found. 
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endemio  to  the  Seychelles,  from  8ahal  Blachhumiana  of  the  Ber- 
mudas, from  a  Desmoncus,  an  Areea,  a  Monodora,  and  probably 
of  many,  certainly  of  some  other  palms.  When  we  consider  that 
prpbably  many  of  the  kinds  of  palm  fruits  would  sink  at  once,  we 
realize  how  great  an  assemblage  of  this  magnificent  family  is  indi- 
cated  by  the  Sheppey  drift 

The  difficulties  we  fear  of  determining  anything  but  a  fraction 
of  the  Sheppey  fruits  must  prove  insurmountable.  Their  outer  coats 
are  for  the  most  part  destroyed,  and  some  part  of  their  inner  structure, 
nearly  always  quite  different  in  form  from  that  which  is  external,  is 
revealed.  Botanists  have  been  able  to  determine  but  few  of  the 
drifted  fruits  brought  home  by  the  Challmger,  though  these  are  more 
perfect  and  of  living  species  belonging  to  definite  and  known  floras. 

The  Bournemouth  diffs  continue  to  furnish  fresh  forms,  though 
the  leaf-beds  are  becoming  more  and  more  difficult  of  access.  We 
have  especially  enriched  the  series  of  Smilacea,  and  a  complete 
account  of  them  has  been  presented  to  the  Linnean  Society.  The 
series  now  obtained  falls  little  short  of  a  hundred  specimens,  and  is 
by  far  the  richest  of  fossil  Smilaoeae,  perhaps  of  any  family,  ever 
brought  together.  Such  a  material  has  enabled  us  to  reduce  the 
number  of  distinct  species  to  no  more  than  five,  most  of  which  are 
represented  by  foliage  in  all  stages  of  development,  from  the  largest 
leaves  measuring  several  inches,  down  to  quite  minute  leaves  from 
near  the  extreme  growing  points.  The  necessity  for  such  extensive 
series  when  dealing  with  fossil  leaves  may  not  at  once  be  apparent, 
but  the  President  of  the  Linnean  Society  expressed  the  opinion  at 
the  meeting,  that  out  of  less  material,  not  five,  but  five-and-twenty 
species  might  have  been  made. 

The  leaves  of  Smilacen  are  highly  characteristic,  and  can  be 
determined  with  a  large  degree  of  certainty ;  but  it  is  quite  im- 
probable that  such  will  be  the  case  with  very  many  of  the  families 
of  Dicotyledons.  There  is,  indeed,  little  hope  that  more  than  a  very 
few  can  be  determined  with  anything  like  the  precision  required  for 
botanical  purposes,  unless  we  can  call  in  aid  the  fruits  or  some  other 
organs.  Thus  if  we  may  base  a  conclusion  upon  the  large  number 
of  the  characteristic  bracts,  which  envelope  the  seed  in  a  section  of 
Flemngia  that  are  met  with  in  the  Bournemouth  flora,  the  leaves  of 
that  genus  should  be  far  from  uncommon,  and  they  should  also  be 
found  in  the  Swiss  Oligocene,  yet  no  species  of  Flemingia  has  ever 
been  recorded  from  the  Tertiaries.  The  leaves,  however,  may  be 
sought  for  among  the  supposed  species  of  Fopvlus  and  Carpinus, 

Fortunately  fruits  and  even  flowers  are  comparatively  abundant 
at  Bournemouth,  and  we  consequently  anticipate  little  difficulty  in 
determining  leaves  belonging  to  such  easily  distinguishable  fruits  as 
Alnua,  Tilia,  Acer,  Carpinus,  the  Leguminosm,  and  many  others,  but  the 
residuum  with  indeterminable  fruits,  or  fruits  that  will  not  float,  may 
be  very  large.  We  are  thus  brought  to  the  question,  whether  any 
value  beyond  that  of  mere  landmarks,  or  aids  to  the  correlation  of 
rocks,  can  be  attached  to  the  determinations  of  fossil  dicotyledonous 
leaves  arrived  at  when  fruits  are  absent.    Nearly  every  Tertiary  and 
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even  many  Cretaoeoas  floras  are  said  to  comprise  Quereus,  and  Fagut, 
and  CoryluSy  to  select  these  as  typical  examples.  Now  we  very  much 
doubt  whether  the  fruits  of  these  genera  have  been  met  with  in  any 
strata  older  than  the  Upper  Miocene,  we  might  almost  say  the 
Pliocene ;  whilst  in  the  latter  the  fruits  of  at  least  two  of  them  are 
Tery  far  from  uncommon.  Fossil  hazel-nuts  are  well  known  to 
abound  in  forest  beds  such  as  the  one  at  Brook,  in  the  Isle  of  Wight, 
and  at  Carrickfergus.  It  does  appear  to  us  that  it  would  have  been 
wiser  and  more  consistent,  when  arriving  at  these  determinations,  to 
have  taken  the  absence  of  fruits  into  account,  when  these  were  such 
as  would  naturally  have  been  preserved.  The  laige  proportion  of 
fossil  dicotyledonous  leaves  that  have  been  referred  witiiout  any 
hesitation  to  living  genera  must  strike  every  one,  in  comparison  with 
the  relatively  few  associated  fruits  that  have  been  determined  other- 
wise than  as  Oarpolithes — a  name  which  is  a  confession  of  failure. 
It  will  thus  be  seen  that  in  our  opinion  the  fossil  Dicotyledons  of  our 
own  Eocene  must  be  dealt  with  in  a  manner  different  from  that 
pursued  by  the  majority  of  foreign  writers  on  kindred  subjects,  and 
that  a  revision  of  much  of  their  work  is  urgently  needed. 

To  resume  our  immediate  subject,  we  have  nothing  new  to  record 
of  the  Bracklesham  flora  except  that  Mr.  Elwes,  in  excavating  in  the 
New  Forest,  met  with  Nipadites  in  some  abundance,  and  a  specimen 
he  still  has  proves  the  species  to  be  the  same  as  that  from  Bracklesham 
Bay,  and  entirely  different  from  that  which  forms  a  conspicuous  zone 
in  the  marine  series  of  the  Bournemouth  group. 

At  Barton,  on  the  other  hand,  we  have  been  able  to  procure  nearly 
a  dozen  pine-cones,  hitherto  a  great  desideratum,  from  the  Highdiff 
beds,  which  go  far  to  prove  that  there  is  only  one  variety  there, 
indistinguishable  from  the  Pinus  Bixoni  of  Bracklesham.  Along 
with  these  we  have  branches  of  apparently  the  Bournemouth 
Araucaria,  and  an  important  and  entirely  new  fruit,  fortunately 
represented  by  many  specimens,  which  permit  us  to  examine  the 
details  of  their  structui-e.  These  consist  of  twigs  on  which  are 
seated  in  some  profusion  clusters  of  numerous  sessile  woody  peri- 
carps with  deeply  laciniate  margin,  giving  the  friiit  when  closed  the 
appearance  of  a  large  burr.  These  inclose  a  nut  or  seed,  rather 
smaller,  but  otherwise  resembling  that  of  a  cucumber.  There  has 
not  yet  been  time  to  make  the  researches  necessary  to  come  to  a 
conclusion  regarding  it,  and  Mr.  Garruthers  and  other  botanists  who 
have  seen  the  specimens  are  unable  offhand  to  pronounce  upon  its 
affinities.  A  rather  large  fossil  plant  from  the  same  locality  has 
recently  been  lent  us  by  the  Council  of  the  Hartley  Institute,  and 
altogether  the  plants  from  this  horizon,  hitherto  very  meagrely  re- 
presented, bid  fair  to  take  an  important  position.  On  the  other  hand, 
the  Hordwell  end  of  the  same  section,  though  twice  visited  since  our 
last  report,  has  furnished  nothing  new. 

We  have  fortunately  met  with  a  few  very  distinctly  marked  leaves 
from  the  Middle  Headon  of  Headon  Hill,  preserved  in  the  York 
Museum,  which  with  those  previously  obtained  from  the  Lower 
Headon  of  Hordwell,  help  to  bridge-over  one  of  the  few  gaps  in  our 
really  surprisingly  complete  succession  of  Eocene  floras. 
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We  have  oontinned  to  investigate  the  great  series  of  plant  remains 
80  assiduously  oollected  by  Mr.  A'Oourt  Smith,  and  with  this  object 
have  visited  Qumet  Bay,  as  well  as  receiving  several  packages  of 
fossils  from  thence.  While  lamenting  that  they  are  of  so  fragmentary 
a  nature,  we  cannot  overlook  their  importance  as  almost  the  last 
representatives  of  the  great  series  of  floras  which  maintained  them- 
selves in  our  area  throughout  the  Eocene  time.  As  an  illustration  of 
their  value,  we  may  instance  the  fact  that  while  anything  like  true 
grasses  seem  to  be  wholly  wanting  in  the  previous  floras,  there  are 
many  more  or  less  definite  indications  of  them  in  this.  We  have 
reason  to  hope  that  renewed  working  in  the  still  younger  beds  of 
Hempstead  may  lead  to  further  discoveries,  for,  besides  the  better 
known  plants  described  by  Heer,  pine-cones  and  a  fine  aroi'deous 
fruit  have  been  obtained  from  them. 
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Papers  read  before  the  BritiBli  Association  for  the  Advancement  of  Science^ 
Birmingham,  September,  1886,  Section  C  (Geology). 

I. — Ok  Canadian   Exakplbs  of  Supposed  Fossil  Algjs.     By  Sir 
William  Dawson,  LL.D.,  F.E.S. 

MABEINGS  of  various  kinds  on  the  surfaces  of  stratified  rocks 
have  been  loosely  referred  to  Alg®  or  Fucoids  under  a  great 
variety  of  names ;  and  when  recently  the  attempt  was  made  in 
Europe  more  critically  to  define  and  classify  these  objects,  a  great 
divergence  of  opinion  developed  itself,  of  which  the  recent  memoirs  of 
I^athorst,  Williamson,  Saporta,  and  Delgado  may  be  taken  as  examples. 

The  author,  acting  on  a  suggestion  of  Sir  E.  Owen,  was  enabled  in 
1862  and  1864,  by  the  study  of  the  footprints  of  the  recent  Limulust 
polyphemuB,  to  show  that  not  merely  the  impressions  known  vAFrotiehA 
nites  and  ClimactiehniUSf  but  also  the  supposed  fucoids  of  the  genera  |  \^ 
RuBophyoWy  ArthropkyeuSy  and  Cruziana  are  really  tracks  of  CrustaoeaJ 
and  not  improbably  of  Trilobites  and  Limuloids.^    He  had  subsequently 
applied  similar  explanations  to  a  variety  of  other  impressions  found  on 
Palaeozoic  rooks.^    The  object  of  the  present  paper  was  to  illustrate  by 
a  number  of  additional  examples  the  same  conclusions,  and  especially 
to  support  the  recent  results  of  Nathorst  and  Williamson. 

BusichniteSy  Artkriehniies,  Chroesochordaf  and  Cruziana,  with  other 
forms  of  so-called  Bilohites,  are  closely  allied  to  each  other,  and  are 
explicable  by  reference  to  the  impressions  left  by  the  swimming  and 
walking  feet  of  Limulus,  and  by  the  burrows  of  that  animal.  They 
pass  into  Protichnites  by  such  forms  as  the  P.  Davisii  of  Williamson, 
and  Saerichnitea  of  Billmgs,  and  Diplichnites  of  the  author.  They  are 
connected  with  the  worm  tracks  of  the  genus  Nereitea  by  specimens  of 
Arthriehnitesy  in  which  the  central  furrow  becomes  obsolete,  and  by  the 
genus  OyrickniUs  of  Whiteaves.* 

1  "On  Footprints  of  LimuluB,"  Canad.  Nat.  1862.     "On  the  Fossils  of  the 
Genus  Ruwphyeut,'^  Ibid,  1864. 
^  **  On  Footprints  and  Impressions  of  Aquatic  Animals,*'  Am.  Jonm.  of  Science. 
*  Trans.  Eoyal  Society  of  Canada,  1883. 
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The  tnberenlated  impressions  known  as  Phffmatoderma  and  CauUr^ 
pites  may,  as  ZeiUer  has  shown,  be  made  by  the  burrowing  <^  the  mole- 
cricket,  and  fine  examples  occurring  in  the  Clinton  formation  ti 
Canada  are  probably  the  work  of  Crustacea.  It  is  probable,  however,  that 
some  of  the  later  forms  referred  to  these  genera  are  really  AlgSB  related 
to  CaulerpMf  or  even  branches  of  Conifers  of  the  genus  Braekfphyliwm, 

Nereites  and  PhmtUitss  are  tracks  and  burrows  of  worms,  with  or 
without  marks  of  setsB,  and  some  of  the  markings  referred  to  PoUbS' 
chorda^  Palaophyeus^  and  Scolithua  have  their  places  here.  Many 
examples  highly  illustrative  of  the  manner  of  formation  of  these  im- 
pressions are  afforded  by  Canadian  rocks. 

Branching  forms  referred  to  Lieraphyeus  of  Billings,  and  some  of 
those  referred  to  Buthotrtphis,  Hall,  as  well  as  radiating  markings 
referable  to  ScotolithuSf  QyrophyUites^  and  Asteropkycus,  are  explained 
by  the  branching  burrows  of  worms  illustrated  by  Nathorst  and  the 
author.  Adropolithon^  of  the  Canadian  Cambrian,  seems  to  be  some- 
thing organic,  but  of  what  nature  is  uncertain. 

Bhabdichniies  and  Eophyton  belong  to  impressions  explicable  by  the 
trails  of  drifting  seaweeds,  the  tail-markings  of  Crustacea,  and  the  ruts 
ploughed  by  bivalve  molluscs. 

BendrophyetUy  DictyoUteSy  some  species  of  Belesserites,  Aristophyeusy 
and  other  branching  and  frond-like  forms,  were  shown  to  be  referable 
to  rill-marks,  of  which  many  fine  forms  occurs  in  the  Carboniferous  of 
Nova  Scotia,  and  also  on  the  recent  mud-flats  of  the  Bay  of  Eundy. 

The  genus  Spirophytan,  properly  so  called,  is  certainly  of  vegetable 
origin,  but  many  markings  of  water  action,  fin-marks,  etc.,  have  been 
confounded  with  these  so-called  '  Cauda-galli  fucoids.' 

On  the  other  hand,  some  species  of  PalaophyetUy  Buthotrephis  and 
Sphenothallus  were  shown  to  be  true  Algss,  by  their  forms  and  the 
evidence  of  organic  matter,  and  Saliierites,  Barrandeina,  and  Nemata- 
phycui  were  shown  to  include  plants  of  much  higher  organization  than 
the  AlgSB.  With  reference  to  the  latter,  it  was  held  that  the  form  to 
which  the  name  Prototaxites  had  been  given,  was  really  a  land  plant 
growing  on  the  borders  of  the  sea,  and  producing  seeds  fitted  for 
flotation.  On  the  other  hand,  certain  forms  to  which  he  had  given  the 
name  Nematoxyhn  were  allied  to  Algse  in  their  structure,  and  may  have 
been  of  aquatic  habit ;  very  perfectly  preserved  specimens  of  these  last 
had  been  recently  found,  and  had  thrown  new  light  on  their  structure. 

The  author  proposed  to  apply  to  all  these  problematical  plants, 
having  a  tissue  of  vertical  and  horizontal  tubes,  the  general  name 
Nematcphyiea  or  Nematophyton, 

The  paper  referred  to  the  history  of  opinion  on  these  objects  and  the 
bibliography  of  the  subject ;  but  this,  as  well  as  detailed  descriptions, 
are  omitted  in  this  abstract. 


II. — Oir  THE  Relaxioits  op  thb  Geology  of  the  Abctio  and  Atlaihig 
Basdts.    By  Sir  J.  William  Dawson,  LL.D.,  F.E.S. 

THE  psper  relates  to  the  evidence  of  the  specimens  brought  from  the 
Arctic  seas  bearing  on  the  existence  of  an  ancient  line  of  Lauren- 
tian  Huronian,  and  other  Pre- Cambrian  rocks;  of  the  extension  of  the 
marine  fauna  of  the  Atlantic  and  the  American  continental  plateau 
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into  the  Arctic,  and  of  the  correspondences  of  the  Cretaceous,  Tertiary, 
and  Pleistocene  of  the  Arctic  Basin  with  those  of  America,  and  the 
bearing  of  these  facts  on  questions  of  palseogeographj. 

m. — On  the  Bocet  Mouittains,  with  special  befebence  to  that  part 

OP  THE  RaJTOB  between  THE  49tH   FaBALLEL  AND   HeAD-WATEBS  OF 

the  Red  Debb  ErTEB.    By  Geobob  M.  Dawson,  D.Sc.,  F.G.S.,  etc., 
Assistant-Director,  Geological  Surrey  of  Canada. 

THE  term  **  Rocky  Mountains  "  is  frequently  applied  in  a  loose  way 
to  the  whole  mountainous  belt  which  borders  the  west  side  of 
the  North  American  continent.  This  mountainous  belt,  is,  however, 
preferably  called  the  Cordillera  region,  and  includes  a  great  number  of 
mountain  systems  or  ranges,  which  on  the  40th  parallel  have  a  breadth 
of  not  less  than  700  miles.  Nearly  coincident  with  the  49th  parallel, 
however,  a  change  in  the  general  character  of  the  Cordillera  region 
occurs.  It  becomes  comparatively  strict  and  narrow,  and  runs  to  the 
56th  parallel  or  beyond  with  an  average  width  of  about  400  miles  only. 
This  portion  of  the  western  mountain  region  comprises  the  greater 
part  of  the  province  of  British  Columbia.  It  consists  of  four  main 
ranges,  or,  more  correctly,  systems  of  mountains,  each  including  a 
number  of  component  ranges.  These  mountain  systems  are,  from  east 
to  west: — (1)  The  Rocky  Mountains  proper.  (2)  Mountains  which 
may  be  classed  together  as  the  Gold  Ranges.  (3)  The  system  of  the 
Coast  Ranges  of  British  Columbia,  sometimes  improperly  named  the 
Cascade  Ranges.  (4)  A  mountain  system  which  m  its  unsubmerged 
portions  constitutes  Vancouver  and  the  Queen  Charlotte  Islands. 

The  present  paper  refers  to  the  Rocky  Mountains  proper.  This 
system,  between  the  49th  and  53rd  parallels,  has  an  average  width  of 
about  60  miles,  which,  in  the  vicinity  of  the  Peace  River,  on  the  56th 
parallel,  decreases  to  about  40  miles.  It  is  bounded  to  the  east  by  the 
Great  Plains,  which  break  into  a  series  of  foot-hills  along  its  base ;  to 
the  west  by  a  remarkably  straight  and  definite  valley  occupied  by 
portions  of  the  Columbia,  Eootanie  and  other  rivers. 

Since  the  early  part  of  the  century  the  trade  of  the  fur  companies 
has  traversed  this  range,  chiefly  by  the  Athabasca  and  Peace  River 
Passes,  but  till  the  explorations  effected  by  the  expedition  under  Capt. 
Palliser  in  1858-59  nothing  was  known  in  detail  of  the  structure  of 
the  range.  At  the  inception  of  explorations  for  the  Canadian  Pacific 
Railway,  PaUiser's  map  was  still  the  only  one  on  which  any  reliance 
could  be  placed,  and  it  applied  merely  to  the  portion  of  the  range  south 
of  the  Athabasca  Pass.  During  the  progress  of  the  railway  explora- 
tions a  number  of  passes  were  examined,  and  in  1883  and  1884  that 
part  of  the  range  between  the  49th  parallel  and  latitude  51°  30"  was 
explored  and  mapped  in  some  detail  in  connection  with  the  work  of 
the  Canadian  Geological  Survey  by  myself  and  assistants. 

Access  to  this,  the  southern  portion  of  the  Rocky  Mountains  within 
Canadian  territory,  being  now  readily  obtained  by  the  railway,  its 
mineral  and  other  resources  are  receiving  attention,  while  the  magnificent 
alpine  scenery  which  it  affords  is  beginning  to  attract  the  attention  of 
tourists  and  other  travellers. 

The  results  of  the  reconnaissance  work  so  fiar    accomplished  are 
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presented  in  the  form  of  a  preHminary  map,  aocompaDied  by  descrip- 
tions of  routes  and  passes^  and  remarks  on  the  main  orographic  features 
of  the  range.^ 

IV. — Thb   AiroBiHosiTE  Rocks  of  Canada.     By  Fraihc  D.  Aoaxs, 
Geological  Survey  of  Canada. 

THIS  series  of  rocks  has  also  been  called  the  Upper  Laurentian  or 
Norian  series.  The  name  anorthosite  is  perhaps  preferable,  as  it 
refers  to  their  distinguishing  characteristic  as  compared  with  the  ortho- 
clase  rocks  of  the  Lower  Laurentian,  viz.  the  predominance  in  them  of 
plagioclase  or  auorthose  felspar.  These  rocks  form  detached  areas  in 
the  great  Laurentian  districts,  and  bear  a  strong  resemblance  in  part 
to  the  gabbros  and  gabbro-diorites  of  Scandinavia,  and  in  part  to  the 
labradorite  rock  of  the  same  country.  It  is,  however,  by  no  means 
certain  that  the  rocks  of  the  two  countries  are  of  the  same  age.  At 
least  nine  of  these  areas  are  now  known  to  exist  in  Canada,  and  there 
is  also  one  in  the  State  of  New  York.  In  addition  to  plagioclase, 
which  generally  predominates  largely,  these  rocks  contain  rhombic  and 
monoclinic  pyroxenes  (including  augite,  diallage,  hypersthene,  and 
probably  enstatite),  olivine,  magnesia,  mica,  spinel  (including  both 
pleonaste  and  picotite),  garnet,  iron-ores,  pyrite,  and  apatite.  Ortho- 
clase  is  seldom  or  never  found,  except  in  veins  cutting  the  anorthosite. 
The  hornblende,  mica,  and  pyroxenes  are  intimately  associated  and 
often  intergrown,  all  of  them  sometime  being  found  in  the  same  thin 
section.  Garnet  occurs  sparingly,  and  generally  near  the  contact  of 
the  anorthosite  with  the  gneiss.  When  the  olivine  comes  against 
plagioclase,  it  is  always  bounded  by  a  double  concentric  zone,  the  outer 
zone  consisting  of  hornblende,  and  the  inner,  or  that  next  to  the 
olivine,  consisting  of  a  pyroxene.  While  the  iron-ores  associated  with 
the  Lower  Laurentian  gneisses  are  generally  free  from  titanium,  those 
associated  with  the  anorthosite  rocks  are  always  highly  titaniferous;  a 
fact  which  makes  the  study  of  these  rocks  a  matter  of  considerable 
economic  interest.  The  anorthosite  varies  a  good  deal  in  composition, 
some  areas,  for  instance,  being  rich  in  olivine,  while  others  are  destitute 
of  that  mineral,  and  different  portions  of  even  the  same  area  often 
showing  wide  differences  in  this  respect.  The  rock  also  shows  a  good 
deal  of  variation  in  structure.  It  is  rarely  quite  massive,  frequently 
well  foliated,  but  usually  consists  of  a  rather  coarsely  crystalline  ground- 
mass,  through  which  are  scattered  irregular  strings  and  masses  com- 
posed of  iron-ore,  bisilicates,  and  mica,  as  well  as  larger  porphyritio 
crystals  of  plagioclase.  Even  when  it  is  tolerably  constant  in  com- 
position, there  is  generally  a  great  variation  in  size  of  grain,  coarse  and 
fine  alternating  in  rude  bands  or  rounded  masses.  In  the  case  of  some 
of  the  areas  there  can  be  but  little  doubt  that  the  anorthosite  is 
eruptive,  in  others,  however,  it  seems  to  be  interstratified  with  the 
Laurentian  gneiss,  and  in  one  of  them  to  merge  imperceptibly  into  it. 
The  original  relations  of  the  rocks  are,  of  course,  much  obscured  by  the 
effects  of  subsequent  heat  and  pressure.  The  evidence  at  present,  how- 
ever, seems  to  indicate  that  these  anorthosites  are  the  result  of  some 
kind  of  extravasation,  which  in  those  early  times  corresponded  to  what 
in  modern  times  we  call  volcanic  eruption. 

^  See  Reports  and  Maps  Geological  Surrey  of  Canada. 
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Y. — Notes  ok  the  Crtstallinb  Schists  of  soke  pabts  op  Ieeland. 
By  C.  Callaway,  D.Sc.,  M.A.,  F.G.S. 

THE  author  gives  a  summary  of  results  obtained  by  a  preliminary 
survey  of  the  principal  areas  of  Irish  metamorphic  rocks,  viz. — 

1.  Donegal,  including  parts  of  the  adjacent  counties  of  Londonderry 
and  Tyrone. 

2.  Coonemara,  extending  the  term  to  cover  the  region  lying  between 
"Westport,  CO.  Mayo,  and  the  granitic  mass  west  of  the  town  of  Gal  way. 

3.  The  south-eastern  comer  of  the  county  of  "Wexford. 

In  each  of  these  areas  the  following  facts  were  observed : — 

{a)  A  series  of  hypometamorphic  rocks,  consisting  typically  of 
fine-grained  schists,  altered  grits,  and  quartzites.  A  clastic  structure 
is  more  or  less  distinct  in  the  three  areas,  but  is  least  evident  in 
Connemara. 

(b)  A  group  of  highly  crystalline  schists,  displaying  no  trace  of  an 
original  sedimentary  origin,  dipping  as  if  it  passed  below  the  hypo- 
metamorphic rocks.  At  Wexford  there  are  true  gneisses.  In  Conne- 
mara the  rocks  are  less  felspathic,  the  chief  types  being  quartzoee 
gneiss,  quartz-schist,  mica-schist,  hornblende-schist,  quartzite,  and 
crystalline  limestone.     This  description  will  also  apply  to  Donegal. 

(e)  Granite,  underlying  (h),  and  in  Connemara  and  Donegal  clearly 
intrusive. 

The  author  urges  that  this  analogy  is  not  due  to  the  metamorphic 
action  of  the  granite ;  for — 

1.  The  mineral  characters  apparent  in  the  schists  adjacent  to  the 
granite  are  uniformly  distributed  through  the  lower  series  &om  bottom 
to  top. 

2.  The  evidence  collected  is  hostile  to  the  view  that  this  lower  series 
ever  graduates  into  the  upper. 

It  is  concluded  that  the  balance  of  proof  is  in  favour  of  the  ArchaBan 
age  of  the  bulk  of  the  Irish  schists. 

1 .  In  the  "Wexford  district  the  schists  are  thrown  against  Cambrian 
and  Ordovician  rocks  by  faults,  and  do  not  pass  into  them  in  the 
localities  alleged  by  the  Irish  Survey. 

2.  In  Connemara  conglomerates  of  Llandovery  age  contain  large 
rounded  fragments,  not  only  of  the  older  schistose  series,  but  also  of 
its  intrusive  igneous  rocks. 

8.  In  the  TJlster  region  the  metamorphic  area  is  separated  from  the 
Ordovician  rocks  of  Pomeroy  by  a  ridge  of  granite  and  diorite  three 
miles  in  breadth. 

The  lithological  analogies  between  the  Irish  schists  and  the  Archaean 
rocks  of  Anglesey  and  other  British  metamorphic  districts  are  also  of 
weight  in  the  argument. 

VI, — On  the  Discovebt  op  Fossil  Fish  in  the  New  Red  Sandstone 
(Uppek  Kextper)  in  Warwickshike.  By  the  Rev.  P.  B.  Brodie, 
M.A.,  F.G.S. 

THE  author  observed  that,  considering  the  thickness  and  extent  of 
the  New  Red  Sandstone  in  Great  Britain,  the  paucity  and  rarity 
of  fossils  was  remarkable,  especially  when  compared  with  the  abundant 
fauna  and  flora  of  the  Trias  in  Europe.     In  a  fleld  so  comparatively 
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barren  anj  addition,  therefore,  to  either  is  interesting  to  the  palsBonto- 
logist.  Many  years  ago  the  author  discovered  a  ganoid  fish — the  last 
apparently  of  Uie  genos  Palaoniseus  sup^rstss — figured  and  described 
by  the  late  Sir  Philip  Egerton  (Joum.  Geol.  Soc.  voL  xiv.  p.  164)  in 
the  Upper  Eenper  at  Bowington  (six  miles  north-west  of  Warwick)  ; 
and  he  now  records  another  discovery  of  several  small  fish  near  there, 
probably  Semionotw — at  present  in  Dr.  Traquair's  hands — which  is  the 
first  time  this  genus  has  been  recorded  from  the  British  Trias.  The 
remains  of  small  Cestracionts  are  not  unfrequent  in  one  particular  band 
of  sandstone  in  Warwickshire  and  Woroestershire,  with  occasional 
footprints  in  the  former  county  of  Zahyrmthodan,  Gtmoid  fish  are  so 
rare  that  these  above  named  are,  as  far  as  the  author  is  aware,  the  only 
ones  known,  with  one  exception,  which  cannot  be  secured,  in  the  Upper 
Keuper;  the  curious  Dipteronotus  having  been  found  in  the  Lower 
Keuper  (waterstones)  at  Bromsgrove,  in  Worcestershire.  The  author 
gave  a  section  of  the  quarry  containing  the  fossils  above  referred  to, 
and  stated  that  he  considered  that  the  New  Red  Sandstone  in  Warwick- 
shire, as  the  Rev.  J.  Mello  has  adopted  in  Cheshire,  might  Mrly  and 
advantageously  be  divided  into  Upper  and  Lower  Keuper,  the  two 
series  of  sandstones  being  different  Uthologically,  and  being  separated 
by  a  considerable  thickness  of  red  marl,  the  lower  sandstones  being 
especially  characterized  by  remains  of  Lahyrinthodon  and  other  peculiar 
reptiles,  a  ^b  and  unique  collection  being  preserved  in  the  Warwick 
Museum. 


VII. — On  the  Range  aih)  Extent  and  Fossns  of  the  Rhjetic  Fobma- 
TioN  IN  Waewickseiee.     By  the  Rev.  P.  B.  Bbodie,  M.A.,  P.G.S. 

THE  author  in  this  paper  first  gives  an  account  of  the  range,  thick- 
ness, and  fossils  of  the  upper  portion  of  the  RhsBtic  formation — 
viz.  the  'White  Lias,'  supposing  that  it  really  belongs  to  this,  but  to 
which  it  is  now  generally  assigned,  showing  that  it  is  very  rarely  seen 
in  conjunction  with  the  underlying  shales,  and  that  where  they  occur 
in  one  or  two  important  sections  the  White  Lias  is  absent.  A  list  of 
the  fossils  is  given,  which  are  few  and  ill-preserved,  Oatrsa  intusstriata 
and  a  species  of  Avieula  {Manotis)  being  the  most  characteristic.  A 
full  account  is  given  of  the  succeeding  grey  and  black  Rhetic  shales 
with  occasional  intercalated  shelly  limestone  and  sandstone ;  and  though, 
as  a  rule,  good  sections  are  rare,  there  were  certain  railway-cuttings 
which  laid  open  several  very  interesting  and  instructive  ones,  and 
enabled  the  author  to  obtain  a  series  of  characteristio  fossils,  including 
the  Radiata,  by  no  means  common  and  local,  the  OphioUpis  JDammi, 
It  was  stated  that  these  occupied  a  considerable  area  in  the  southern 
division  of  the  county,  appearing  again  on  the  north-east,  near  Rugby, 
and  as  a  rule  succeeded  by  the  basement  beds  (insect  and  saurian  beds) 
of  the  Lower  Lias,  which  were  in  places  seen  in  conjunction  with  these 
shales.  It  was  further  observed  that  they  probably  underlie  the  Lias 
in  its  course  through  the  county;  and  the  author  concluded  by  showing 
the  general  range  of  the  Rhsetics  from  the  coast  of  Devon  to  the  coast 
of  Yorkshire ;  which,  although  not  comparable  either  in  thickness  or 
abundance  and  variety  of  fossils  with  the  rich,  varied,  and  peculiar 
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ContiDental  seriee,  is  still  soffioiently  marked  and  important  in  this 
oounty  and  elsewhere  to  make  it  a  distinctive  and  independent  forma- 
tion. 


VIII. — Chr  THE  SiLXJRiAK  EoGEs  OF  NoRTH  Wales.    By  Professor  T. 
M'Kenot  Hughes,  M.A.,  F.G.S. 

THE  author  be^pns  by  describing  some  sections  in  the  Silnrian  rocks 
of  I<{orth  Wales.  Some  of  them  are  in  the  lower  part,  some  in 
higher  beds.  He  gives  lists  of  fossils  from  the  varions  horizons  in  each. 
He  then,  by  means  of  these  and  by  what  he  calls  syntelism,  that  is, 
the  occurrence  of  similar  seqaences  of  beds  of  the  same  characters, 
lithological  or  other,  points  out  the  corresponding  parts  of  the  various 
sections  described. 

He  then  does  the  same  for  the  Silurian  of  the  eastern  borders  of  the 
Lake  district,  and,  having  in  this  manner  constructed  a  vertical  section 
of  each,  compares  the  two  districts  and  shows  that  there  is  an  identical 
series  in  each,  with  all  the  important  zones  of  one  represented  in  the 
other,  except  that  in  the  part  of  North  Wales  which  he  has  worked 
out  he  has  not  yet  detected  beds  as  higb  as  the  newer  part  of  the  series 
in  the  Lake  district 

IX. — Notes  ok  some  Secttions  in  the  Arenio  Series  op  North 
Wales  and  the  Lake  District.  By  Professor  T.  M'Keiwt 
Hughes,  M.A.,  F.G.8. 

IN  this  jMiper  the  author  describes  a  number  of  sections  which  cross 
the  Arenig  series  in  different  parts  of  England  and  Wales,  and 
endeavours  to  explain  some  apparent  discrepancies  in  what  is  generally 
a  remarkably  constant  set  of  beds. 

He  starts  with  the  Portmadoc  section,  where  he  considers  that  the 
chief  differences  of  opinion  have  arisen  from  mistakes  in  the  explana- 
tion of  the  geological  structure  of  the  district,  especiaUy  from  the 
wrong  identification  of  some  grit  bauds  on  opposite  sides  of  important 
faults. 

Following  the  series  to  the  north  he  shows  that,  although  they  vary 
in  thickness,  the  principal  zones  are  still  represented  near  Carnarvon ; 
and,  discnssing  the  question  of  the  unconformity  of  these  beds  on  the 
Lower  Cambrian,  he  points  out  that  the  Lower  Cambrian  rocks  are 
seen  to  vary  so  much  both  in  character  and  thickness  within  short 
distances  in  the  neighbourhood  of  the  existing  outcrop  of  the  ArchsBan 
that  any  argument  founded  upon  their  thinning-out  or  their  different 
texture  must  be  received  with  distrust  in  an  area  where  they  are  known 
to  have  been  deposited  on  the  flanks  of  mountain  ranges  of  pre-Cam- 
brian  age. 

He  tiben  describes  some  localities  in  the  Lake  district  where  the 
occurrence  of  the  same  zones  has  been  determined,  and  points  out  the 
difficulty  of  getting  rid  of  such  great  thicknesses  of  deposits  of  fine 
mud  as  would  be  implied  in  the  usual  interpretation  of  those  areas. 

X. — Ok   the  Pleistocene  Deposits  op  the  Vale  op  Clwyd.     By 

Professor  T.  M*Kenkt  Hughes,  M.A.,  F.G.S. 
rpHE  author  cautions   observers  against  inferring  too  hastily  the 
JL     glacial  origin  of  beds  from  their  containing  glaciated  boulders. 
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He  deBcribes  the  drifts  of  the  western  part  of  North  Wales,  gronping 
them  under  two  heads : — 

1 .  The  Older  or  Arenig  Drift,  or  that  in  which  boulders  were  trans- 
ported from  Arenig  into  the  Vale  of  Clwyd ;  and 

2.  The  Newer  or  Clwydian  Drift,  or  that  due  to  the  destruction  of 
the  older  glacial  -deposits  by  marine  action,  during  which  boulders 
were  carried  on  floating  ice  from  the  north,  and  flints  trarelled  in  the 
shingle  round  the  coast.  All  the  shells  found  in  it  are  of  species  still 
living  on  the  adjoining  coast :  but  some  of  the  shells  found  in  what 
he  considers  part  of  the  same  series  of  deposits  in  neighbouring  districts 
are  of  a  more  arctic  type,  and  may  belong  to  an  earlier  part  of  the 
same  epoch. 

He  then  gives  an  account  of  the  principal  caves  explored  about  the 
Yale  of  Clwyd,  and  explains  their  relation  iil  each  case  to  the  drifts  of 
the  district ;  inferring  that,  while  some  of  them  may  be  older  than 
the  marine  Clwydian  drift,  and  some  may  possibly  be  even  preglacial, 
yet  that  none  of  the  bone-deposits  so  far  found  in  any  of  them  can  be 
referred  to  so  early  a  date. 

XI. — SUPPLEMENTAEY    NoTE    ON    TwO    DeEP   BoRIKOS    IN    KeNT.      By 

W.  Whitakee,  B.A.,  F.G.8.,  Assoc.lnst.C.E. 

THE  paper  "On  Deep  Borings  at  Chatham,"  communicated  in 
abstract  to  the  last  meeting  of  the  Association,  was  afterwards 
read,  with  various  additions,  to  the  Geological  Society.  Since  then, 
however,  further  information  has  been  got,  some  of  which  is  of  im- 
portance, especially  in  view  of  the  fact  that  the  South  Eastern  Bailway 
Company  is  about  to  make  a  deep  trial-boring  at  Dover. 

The  boring  at  Chattenden  Barracks,  near  Chatham,  has  been  finished, 
being  taken  to  a  depth  of  over  1 160  feet,  the  bottom  of  the  Gault  being 
reached  at  1162  feet,  where  sand  (Lower  Greensand)  was  found  and 
water  got.  In  my  account  of  the  section  it  was  left,  in  Gault,  at  1103 
feet,  and  I  ventured  to  say  that  "  some  60  feet  more  would  reach  the 
bottom  of  that  formation  " ;  this  happened  in  69  feet.  I  did  not 
venture,  however,  to  predict  the  finding  of  Lower  Greensand,  as,  from 
the  thinness  of  that  series  at  Chatham,  a  little  southward,  it  was  quite 
possible  that  it  might  soon  disappear  northward. 

The  almost  exact  correspondence  of  the  combined  thickness  of  Chalk 
and  Gault  here,  872  feet,  with  the  same  total  at  Chatham  (875  and 
878  feet  in  two  borings)  is  noteworthy.  Of  course  there  is  no  Upper 
Greensand,  which  formation  is  absent  at  the  outcrop  on  the  south. 

The  Dover  boring  has  been  carried  a  few  feet  deeper  and  abandoned. 
I  have  visited  the  site,  and  procured  a  good  set  of  specimens  of  the 
bottom  clays,  of  which  we  had  but  a  few  small  pieces  before. 

These  specimens  have  been  carefully  examined,  and  the  result  of 
this  examination  is,  I  think,  worthy  of  notice.  As  regards  fossils  it  is 
simply  negative,  my  colleagues,  Mr.  G.  Sharman  and  Mr.  E.  T.  Kewton, 
after  washing  and  sifting  pieces  of  many  specimens,  were  unable  to 
detect  any  organism,  with  a  solitary  exception,  and  that  was  a  simple 
example  of  a  species  of  Rotaliaf  which,  struggling  into  existence 
in  Silurian  times,  has  managed  to  survive  to  the  present  day!  I 
have  some  doubts,  too,  whether  this  one  fossil  may  not  have  fallen 
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down  the  bore.  Anyway  it  proves  nothing.  As  regards  the  character 
of  the  beds,  however,  1  think  that  a  reasonable  conclusion  may  be 
inferred  from  the  specimens. 

In  my  published  account  certain  beds  are  referred,  with  some  donbt, 
to  the  Lower  Greensand.  The  reference  is  wrong  and  the  doubt  right, 
for  the  top  five  feet,  of  the  49  credited  to  Lower  Greensand,  really 
belong  to  the  base  of  the  Ganlt,  and  the  bottom  thirteen  feet  to  the 
Wealden,  as  I  believe.  The  Lower  Greensand  is  left,  therefore,  with 
only  31  feet  of  clayey  sand.  It  is  curious  that  specimens  from 
the  bottom  part  (838  to  848  feet)  are  exactly  like  the  corresponding 
specimens  from  the  bottom  part  of  the  Lower  Greensand  in  the 
Chatham  boring  (932  to  943  feet),  the  two  sets  having  about  the  same 
vertical  extent  (10  or  11  feet). 

These  specimens  remind  one  of  the  division  known  as  the  Sandgate 
Beds,  and  I  am  inclined  to  think  that  this  division  alone  occurs  at 
Dover,  the  Folkestone  Beds  above  and  the  Hythe  Beds  below  having 
thinned  out,  although  both  those  divisions  are  thicker  than  the 
Sandgate  Beds  at  the  outcrop. 

The  clayey  beds  beneath  have  been  proved  to  a  thickness  of  some  80 
feet,  the  boring  ending  at  about  930  feet.  In  my  paper  I  spoke  of 
chalky  matter  occurring  in  them,  but  in  this  I  was  wrong.  The  white 
specks  in  the  small  specimens  first  seen  certainly  looked  calcareous,  but 
tiie  examination  of  better  specimens  has  shown  that  they  are  anything 
but  that.  Indeed,  the  prevailing  character  is  the  absence  of  any 
effervescence  when  the  clays  are  treated  with  hydrochloric  acid;  in 
many  cases  peculiarly  fine-grained  whitish  beds  simply  absorb  the  acid, 
without  any  effervescent  action* 

On  comparing  the  specimens  with  other  clap,  they  were  found  to  be 
unlike  any  of  the  marine  Cretaceous  and  Jura-ssic  clays,  and  it  seemed 
to  me  that  their  affinities  lay  rather  with  the  Wealden  series,  and 
probably  with  the  lower,  or  Hastings  division,  than  with  the  Weald 
Clay. 

I  have  only  lately  been  able  to  test  this  by  the  help  of  a  set  of 
specimens  that  Mr.  G.  Maw  has  been  kind  enough  to  send  me.  On  ex- 
amining them  I  found  that  three  specimens  of  Weald  Clay,  from  Surrey, 
effervesced  readily,  which  is  perhaps  not  surprising  as  they  came  in  two 
oases  from  close  to  Horsham  stone,  and  in  the  other  from  near  a  Paludina- 
bed.  Nine  specimens  from  a  more  distant  district,  Dorsetshire,  did  not 
effervesce ;  but  one  can  hardly  give  the  exact  position  of  these  in  the 
Wealden  Series.  Ten  specimens  from  the  Ashdown  Series,  the  lowest 
division  of  the  Hastings  Beds,  not  only,  in  some  oases,  resembled  Dover 
specimens  in  character  (I  speak  from  memory,  not  having  had  the  two 
sets  side  by  side),  but  in  every  case  refused  to  notice  the  presence  of 
hydrochloric  acid. 

Should  this  classification  be  right,  it  serves  to  strengthen  very  much 
the  conclusion,  in  my  paper,  that  Dover  is  on  all  grounds  a  good  site 
for  a  deep  trial-boring,^  for  it  looks  as  if  the  bottom  part  of  Uie  great 
Wealden  Series  came  there  within  600  feet  of  the  surface  in  the  low 
ground,  the  boring  being  described  on  a  site  280  feet  above  the  sea. 
*  Quart.  Joam.  Geol.  See.  1886,  vol.  xUL  p.  44. 
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I. — ^Dbpaetmbnt  or  the  Intkriob.  Rbpoet  or  thi  UNrm)  Statks 
OsoLOGioAL  Survey  of  the  Territories.  F.  V.  Hatdem,  United 
States  Geologist-in-Chargb.  Volume  III.  The  Yertebrata 
of  the  Tertiary  Formations  of  the  West.  Book  I.  By 
Edward  D.  Cope,  Member  of  the  National  Academy  of  Sciences. 
(Washington,  Government  Printing  Office,  1883.) 

{CotU%nu$d  fnm  p,  477.) 

THE  rocks  of  Middle  Tertiary  Age,  which  are  found  in  the  far 
west  of  the  United  States,  are  calcareous  days  and  marls, 
alternating  with  ligbt-colonred  sandstone.  In  Oregon  they  are  often 
old  trachytio  muds,  three  to  four  thousand  feet  thick,  and  about 
2800  feet  thick  in  Nevada.  But  on  the  White  River  in  Nebraska  the 
thickness  of  these  rocks  is  reduced  to  150  feet,  and  there  the  strata 
are  divided  by  Hayden  into  eight  zones.  The  Oregon  beds  are 
typically  seen  on  the  John  Day  River,  so  that  the  "V^Tiite  River  and 
the  John  Day  beds  are  regarded  as  equivalent,  and  belong  to  the 
Miocene  series.  These  rocks  hitherto  have  yielded  no  Fishes  or 
Amphibia,  and  no  traces  of  Birds ;  so  that  Uie  discussion  of  their 
fauna  is  limited  to  Reptiles  and  Mammals. 

The  striking  feature  of  the  reptilian  life,  as  compared  with  that  of 
the  older  Eocene  series,  is  the  absence  of  Crocodiles,  the  decrease 
in  number  of  species  of  Tortoises,  with  an  increase  of  Lizards 
and  Serpents.  But  none  of  the  Reptiles  are  remarkable  for  size, 
and  are  similar  in  proportions  to  those  now  living  in  the  same 
region.  The  author  commences  with  the  genus  Tetiudo,  which  is 
represented  by  five  species  in  the  White  River  beds  of  Colorado. 
They  are  distinguished  by  the  form  of  marginal  bones,  the  shape 
of  gular  scutes  and  other  characters.  T.  quadratus  is  the  largest, 
T.  laticuneuB  the  best  preserved.  Some  of  the  species  are  only 
described  from  a  few  bones,  because  the  difficulties  of  transport  com- 
pelled the  author  to  select  such  as  were  most  characteristic,  often 
leaving  the  bulk  of  the  specimens  behind.  The  only  other  Chelonian 
is  Leidy's  Stylemys  nebrasceneis. 

The  Lizards  are  for  the  most  part  founded  upon  fragmentary 
remains.  Feltosauruaf  however,  is  well  preserved.  In  this  genus 
the  temporal  fossa  is  not  roofed  over  by  bone,  but  is  rather  small ; 
the  orbits  are  large.  Two  median  dermal  scutes,  which  represent 
the  interparietal  and  postinterparietal  plates,  have  left  impressions 
on  the  parietal  bone.  The  genus  is  distinguiidied  from  OerrkonotuB, 
by  having  had  the  body  covered  with  bony  scutes,  which  were 
rectangular,  and  arranged  in  transverse  bands,  joined  at  the  sides  by 
minute  sutures,  and  overlapping  in  an  imbricated  method.  The 
hexagonal  scutes  on  the  skull  are  one  of  its  most  distinctive  charao- 
ters ;  one  species  is  known.  ExosUnua,  very  imperfectly  known, 
appears  to  be  related  to  Peltosauruiy  but  that  genus  has  the  frontal 
region  much  wider,  and  wants  the  tubercles  along  the  supra-orbital 
border.     Aciprion  formosum  is  a  Lizard  known  from  a  dentary  bone. 
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with  olosely-paoked  oylindrioal  pleurondont  teeth,  having  oompressed 
crowns  wiUi  three  onsps,  the  median  one  large  and  those  at  the  sides 
smalL  Diacium  quinquipedale  is  founded  on  a  sacral  vertebra  which 
has  no  trace  of  a  neural  spine ;  and  indicates  an  animal  as  large  as 
any  of  the  living  Iguanidaa.  The  genus  Platyrhachis  is  only  known 
from  vertebras  which  have  the  centra  much  impressed,  the  neural 
spine  reduced  to  a  low  keel,  and  the  ridge  connecting  the  zygapo- 
physes  deeply  notched,  a  character  which  distinguishes  these  vertebrad 
from  those  of  PeUoaavrua  :  three  species  are  known.  CremcLsiosaurus 
earinicollis  is  a  Lizard  known  from  cervical  vertebras,  somewhat  like 
those  of  Phrynosoma  comuium,  but  with  relatively  small  cup  and 
ball  articulations,  and  a  strong  rib-like  hypapophysis. 

There  are  four  genera  of  Snakes  founded  on  vertebras,  which  are 
the  only  parts  hitherto  discovered.  Aphelophis  is  very  like  the  living 
genus  Charina,  though  the  zygosphene  is  wider.  Ogmophis,  known 
from  two  species,  is  an  allied  type,  distinguished  by  the  ridge  which 
extends  from  the  parapophysis,  and  the  groove  which  lies  between 
that  ridge  and  the  middle  line  of  the  centrum.  Calamagras  is  a 
similar  type,  but  intermediate  between  the  two  last  named.  Neuro- 
dromicus  has  vertebras  which  resemble  those  of  one  of  the  Crotalidas, 
but  has  no  process  below  the  prezygapophysis,  and  has  the  hypapo- 
physis less  robust. 

The  Mammalia  of  the  White  River  period  are  not  less  numerous 
than  those  of  the  Bridger  and  Wasatch  rocks,  but  a  great  change 
has  come  over  the  fauna.  All  the  Amblypoda  have  disappeared, 
and  there  are  no  representatives  of  the  Tasniodonta,  Tillodonta,  or  of 
the  Lophiodonts ;  while  the  Creodonta  and  Mesodonta  are  rare.  No 
species  of  mammal  found  in  these  rocks  is  common  to  the  under- 
lying Eocene  series.  The  Miocene  species  reach  a  larger  average 
size,  particularly  among  the  Perissodactyla  and  Camivora.  Life 
would  appear  to  have  been  abundant;  for  the  author  states  that 
many  of  the  species  are  represented  by  great  droves,  and  their  bones 


C 

Peratherium  fugax, 

form  beds  of  considerable  extent.  The  Marsupialia  is  represented 
by  doubtful  types,  some  of  which  have  already  been  referred  to  the 
Creodonta,  and  are  only  placed  with  the  Marsupials  provisionally. 
Peraiherium,  though  represented  by  six  species,  is  only  known  from 
the  cranium  and  mandibles.  An  excellent  discussion  is  given  of  its 
dental  characters,  with  the  result  that  the  teeth  differ  from  those  of 
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DiddphtB  in  the  elevation  of  the  median  caspa  of  the  auperior  true 
molara  into  Va,  and  in  the  tnberolea  of  the  external  aeriea  becoming 
obaolete.  All  the  apeciea  are  founded  on  dental  characters. 
MesodecUB  and  Oeolahis  are  referred  provisionally  to  the  Greodonta. 
The  former  ia  intermediate  between  Lepiietis  and  Ictops,  the  last 
premolar  having  a  single  sharp  cusp  as  in  the  former  genus,  with  an 
internal  cusp  or  heel  like  that  of  the  latter.  The  cranial  diaraoters 
are  like  those  of  LeptidU,  and  the  molars  and  some  other  features 
recall  the  living  genus  Solenodan.  The  presternum  has  a  prominent 
keel  in  front,  like  that  of  a  bird.  The  cerebral  hemispheres  and 
cerebellum  are  a  little  wider  than  long,  and  together  have  a  sub- 
quadrate  outline.  The  only  species  known  is  about  the  size  of  the 
Hedgehog.  QeolabiB  is  only  known  from  crania,  from  which  the 
molar  teeth  are  wanting,  and  the  author  is  uncertain  whether  it  may  not 
be  identical  with  Domnina.  Menotherium  lemurtHumy  though  placed 
under  the  Insectivora,  is  regarded  as  the  first  indication  of  a  Lemur 
in  the  Miocene  of  the  United  States,  and  indicates  an  animal  as  large 
as  the  domestic  Cat  The  genus  Damnina  is  referred  with  some 
doubt  to  the  Cheiroptera.  It  has  the  posterior  external  cusp  of  the 
true  molar  teeth  in  the  form  of  a  cresoent,  like  the  anterior  cusp, 
only  rather  smaller ;  both  internal  cusps  are  at  the  summits  of  atrong 
ridges :  two  species  are  described. 

The  order  Bodentia  is  represented  by  no  fewer  than  thirty-one 
species  and  eight  genera,  of  which  Sdurtu,  HesperomyB  and  Lepfu 
are  found  living  in  the  same  region,  and  all  the  fossil  species  of  Eodents 
belong  to  the  three  great  divisions  of  the  order  which  now  inhabit 
North  America.  The  author  observes  that  the  feet  and  teeth  in  this 
order  present  a  succession  of  changes  in  structure  with  time.  The 
earliest  known  forms,  allies  of  the  Squirrels,  belong  to  the  sub- 
order Sciuromorpha.  In  them  the  trochlear  structures  of  the  hume- 
rus and  tibia  are  but  little  developed,  they  are  plantigrade,  with  five 
digits,  and  the  fibula  is  not  co-ossified  with  the  tibia,  while  their 
teeth  have  nearly  always  long  roots  and  short  crowns,  and  are  rarely 
prismatia  An  advance  on  this  generalized  type  is  seen  in  the  sub- 
order Histricomorpha  (which  has  a  single  representative  in  the 
Loup  Fork  beds),  in  many  of  its  members  having  a  reduced 
number  of  digits  and  prismatic  dentition.  In  the  third  suborder, 
Myomorpha,  the  tibia  is  found  co-ossified  with  the  fibula;  many 
genera  have  prismatic  teeth,  some  a  reduced  number  of  digits,  and 
a  few,  comprising  the  Jerboas,  have  the  metatarsal  bones  blended 
together.  Finally,  the  Rabbits  add  to  these  specialized  characters 
a  primitive  character  in  the  presence  of  four  superior  incisor  teeth ; 
and  the  author  is  disposed  to  believe  that  the  Rodents  are  either 
direct  descendants  from  the  Marsupials,  or  that  the  Rabbits  may 
represent  the  suborder  Tillodonta  of  the  Eocene.  The  di£ferentiation 
of  the  Rodent  suborders,  however,  must  be  anterior  to  the  Miocene 
period,  for  the  Squirrel  tribe  has  already  occurred  in  the  Lower 
Eocene.  The  Myomorpha  appear  in  the  John  Day  beds,  but  without 
prismatic  teeth,  while  the  Lagomorpha  are  typically  developed  in  the 
White  River  beds,  and  a  true  Porcupine  represents  the  Hystrioo- 
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morpha  in  the  highest  Miocene.  There  is,  moreover,  an  interesting 
affinity  between  the  extinct  and  living  genera,  in  the  circumstance 
that  all  the  ancient  genera  di£fer  from  their  modem  representatives  in 
the  greater  constriction  of  the  skull  behind  the  orbits,  acccompanied 
by  an  absence  of  postorbital  processes.  The  genus  8ciuru$  is  known 
from  three  species,  two  of  which  are  about  the  size  of  the  grey  and 
red  Squirrels  of  North  America.  Oymnoptychus  appears  to  be  a 
Squirrel  nearly  related  to  Sciurus,  but  differs  in  having  the  tubercles 
and  crests  of  the  molar  teeth  more  complex  than  in  any  existing 
genus,  except  Pteromys.  There  are  two  species  which  differ  in  size 
and  in  proportions  of  the  lower  molar  teeth. 

Meniscomys  is  another  type  in  which  the  dentition  resembles  that 
of  Pteromys,  but  differs  in  the  upper  molars  wanting  the  re-entering 
inflexion  of  the  enamel.  Four  species  are  described,  which  differ  in 
the  length  of  the  roots  of  the  molars,  in  the  character  of  the  dental 
crests,  and  the  plications  of  the  inferior  molar  teeth. 

It  is  observed  that  there  is  a  suggestive  resemblance  between 
MentacomyB  hippodua  and  Haplodonlia  rufa,  now  living  in  Oregon, 
which  is  indicative  of  a  common  origin.  This  ends  the  history  of 
the  true  Squirrels. 

Ischyromys  ia  the  type  of  a  distinct  family ;  for,  though  it  resembles 
the  Squirrels  in  dental  characters,  the  infraorbital  foramen  occupies 
the  position,  at  the  origin  of  the  zygomatic  arch,  seen  in  Porcupines 
and  Cavies.  The  superciliary  ridge  and  postorbital  process,  seen  in 
most  Squirrels,  is  lost ;  and  there  is  a  contraction  between  the  orbits, 
which  approximates  towards  the  Beaver.  Beavers  are  represented  by 
two  species  of  the  genus  Castor.  C.  peninaidatm  is  about  the  size  of 
the  large  prairie  Marmot,  and  is  abundant  in  the  Miocene  rocks  of 
Oregon.  C,  gradatua  is  somewhat  smaller.  BeUacomya  vetua  is  the 
smallest  Mammal  of  the  White  River  beds,  being  about  the  size  of 
Mua  muactdM,  Its  affinities  are  open  to  some  doubt;  the  four 
inferior  molars  have  crowns  with  four  cusps  in  two  transverse 
pairs  and  a  broad  ledge  on  the  external  side  of  the  cusps. 

The  Myomorpha  are  represented  by  two  families,  Muridss  and 
GeomyidsB.  Eumya  elegana,  of  Leidy,  is  a  Rat  found  in  the  White 
River  rocks  in  Eastern  Colorado,  previously  known  from  Dakota. 
The  molar  teeth  are  as  large  as  tiiose  of  the  Norway  Rat,  but  the 
muzzle  only  two-thirds  as  long,  so  that  the  animal  was  smaller  and 
more  robust.  Heaperomya  nematodon  is  a  representative  of  an  exist- 
ing genus,  and  indicates  a  Rat  as  large  as  the  red  Squirrel.  The 
genus  Paciculua,  which  has  three  superior  molars,  differs  from  Sig- 
modon  and  Neotoma,  in  having  three  external  inflexions  of  the  enamel, 
instead  of  two,  in  the  upper  molars.  Entoptychuay  known  from  five 
species,  is  referred  to  the  Georayidae.  The  molar  teeth  are  four  above 
and  four  below,  rootless,  with  prismatic  crowns,  which  differ  from 
those  of  Perognathua,  in  having  the  enamel  loop  cut  off  and  isolated. 
The  skull  wants  the  vacuities  and  large  foramina  seen  in  many 
Rodents.  The  bones  of  the  skeleton  in  general  resemble  those  of  the 
genus  Thomomya.  The  species  are  defined  by  the  characters  of  the 
superciliary  borders,  the  length  of  the  skuU,  and  width  of  the  pre- 
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molars.  The  speoies  are  found  in  the  John  Day  beds  of  Oregon. 
Pleurolieus  is  another  member  of  the  same  family.  It  is  represented 
by  two  species,  and  approximates  to  the  existing  genera  Heteromyi 
and  PerognathuB,  from  the  latter  of  which  the  most  distinctive  differ- 
ence is  the  grooving  of  the  upper  incisors. 

The  Lagomorpha  is  represented  by  three  genera.  PdUeolagtu  is  a 
type  which  approximates  towards  Lepua,  bat  it  has  no  po8tfrt}ntal 
process,  and  the  first  inferior  molar  consists  of  one  column,  more  or  less 
divided.  A  cast  of  the  cerebral  chamber  shows  that  the  olfactory 
lobes  are  large,  expanding  abruptly  from  the  hemispheres,  from 
which  a  constriction  separates  them.  They  are  wider  than  long,  and 
wider  than  the  front  of  the  cerebrum.  The  brain  was  smaller  than 
in  the  Rabbit,  and  in  the  Palaolagns  hajfdeni  the  cerebral  hemispheres 
are  smaller,  and  the  olfactory  lobes  larger.  The  number  of  teeth  is 
the  same  as  in  existing  Rabbits,  but  with  age  many  changes  appear, 
which  at  first  suggest  the  characters  of  different  species. 

P.  haydeni  was  widely  distributed  in  Dakota,  Colorado,  and  Oregon. 
It  is  thought  to  have  been  the  progenitor  of  Ltpus  syhattetis,  which 
now  inhabits  North  America.  P.  triplex  was  rather  larger  than  the 
prairie  Marmot.  Lepus  emtsianns  is  the  only  species  of  the  genus 
found  in  the  John  Day  River  beds.  It  is  distinguished  by  the  free 
short  postorbital  processes,  which  are  narrower  than  in  L.  audubrmif 
and  behind  these  processes  the  cranium  is  narrower.  The  mandible 
has  the  form  of  L.  sylvaticns,  which  the  animal  resembled  in  size. 
The  remainder  of  the  volume  is  devoted  to  the  Camivora. 

From  the  views  already  developed  by  the  author,  it  is  interesting 
to  find  the  Carnivora  distinguished  as  clawed  Mammalia  with  trans- 
verse glenoid  cavity  of  the  squamosal  bone,  confluent  scaphoid  and 
lunar  bones  of  the  carpus,  and  well -developed  cerebral  hemispheres. 
A  good  deal  is  made  of  the  cerebral  hemispheres,  because  some 
Tnsectivora  possess  a  united  scapholunar  bone.  Hence  the  crucial 
fissure  of  the  hemispheres,  which  is  present  in  all  Camivora,  except 
one  or  two  of  the  Melinse,  becomes  as  important  a  characteristic  as 
the  absence  of  the  parieto-occipital,  and  calcarine  fissures.  The 
author  makes  two  primary  divisions  of  the  order :  first,  Hypomycteri, 
in  which  the  external  nostril  is  occupied  by  the  complex  niaxillo- 
turbinal  bone,  while  the  ethmo-turbinal  bones  are  confined  to  the 
hinder  part  of  the  nasal  fossa,  and  the  inferior  ethmo-turbinal  is  of 
small  size ;  and,  secondly,  the  Epimycteri,  in  which  the  external 
nostril  is  occupied  by  the  inferior  ethmo-turbinal  and  the  reduced 
maxillo-turbinal.  The  Hypomycteri  stand  next  to  the  Pinnipedia, 
since  the  maxillo-turbinal  bone  has  the  same  anterior  development 
in  that  group.  The  division  of  the  groups  into  families  depends 
upon  the  presence  of  sectorial  teeth,  which  are  defined  as  having  at 
least  two  external  tubercles,  and  by  the  flattening  and  emargination 
^  of  their  continuous  edgesf  the  sectorial  blade  is  formed.  Other 
^  characters  are  found  in  the  number  and  form  of  the  molars,  the 
presence  or  absence  of  an  alisphenoid  canal,  the  character  of  the  otic 
bulla  and  the  number  of  toes. 

The  Canidaa  were  abundant  in  the  Miocene  of  North  America,  but 
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in  the  lower  and  middle  portions  of  the  deposit  the  genera  are  allied 
to  Canis^  while  in  the  Upper  Miocene  or  Loup  Fork  beds  the  genus 
Can%8  prevails.  Eight  genera  of  Dogs  are  here  represented  by 
twenty-five  species.  Amphicyon  of  Lartet  is  known  from  three 
species.  A,  cuspigerus  is  not  larger  than  the  Kit  Fox;  A.  hartS' 
homianus  is  about  the  size  of  a  Coyote,  and  A,  velua  rather  larger. 
Temnocyon  has  four  species,  and  is  distinguished  from  Cania  by  the 
presence  of  a  cutting  edge  on  the  superior  face  of  the  heel  of  the 
inferior  sectorial,  in  place  of  a  double  row  of  tubercles  surrounding 
a  basin.  This  keel  is  a  repetition  upon  that  tooth  of  the  heel  seen  in 
the  posterior  premolar  teeth  of  many  Camivora.  The  genus  ap- 
proaches most  closely  to  the  French  form  Cynodictis  eranirostris. 
On  Temnocyon  coryphau8  the  author  observes  that  the  dimensions 
were  about  those  of  the  Cams  latrana,  but  the  face  was  short  The 
brain-case  is  smaller  than  in  the  Coyote.  The  genus  Oalecynus 
of  Owen  is  well  represented  by  four  species,  which  are  characterized 
by  the  relatively  small  size  of  their  sectorial  teeth.     The  internal 
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tubercle  of  the  inferior  sectorial  is  more  largely  developed  than  in 
the  later  species  of  Dogs,  and  thus  approaches  some  of  the  ViverridsB. 
The  genus  is  separated  from  Cants  by  the  presence  of  the  epitrochlear 
foramen  of  the  humerus,  a  character  shared  with  Amphicyon  and 
Temnocyon.  G,  gregarius  is  only  about  half  the  size  of  the  Bed  Fox. 
O.  geysmarianus  was  about  the  size  of  Mustela  pennanii :  it  stood  lower 
on  the  legs  than  a  Fox,  had  a  body  as  slender  as  the  most  vermiform 
of  Weasels,  and  a  tail  as  long  as  in  the  Ichneumons.  0.  lemur  is  the 
smallest  species  yet  discovered  in  the  Miocene  of  Oregon.  Enhydrocyon 
has  the  canine  type  of  dentition,  but  in  the  form  of  skull  resembles 
the  Polecat  and  Otter :  but  one  species  is  known,  which  was  probably 
as  large  as  the  Coyote. 
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OHgohunis  erasiifmUus  diffen  from  letieyon  venaUeug  of  Brazil,  in 
the  greater  development  of  the  inner  part  of  the  upper  tubercalar 
molar,  while  the  tuberoular  molar  of  the  lower  jaw  is  much  lees 
developed.  Hyanoeyon  differs  from  OligobunU  in  wanting  the  first 
premolar  and  the  second  molar  teeth  in  both  jaws.  Buiudwrus  is 
allied  to  PtUorius  and  perhaps  to  Otdo,  but  is  distinguished  by  the 
form  of  its  tuberoular  tooth,  which  is  a  cutting  tooth  without  cusps 
or  tubercles. 

In  the  higher  genera  of  the  family  Nimravidae,  the  dental  characters 
are  like  those  of  the  Felidae,  but  among  the  lower  genera  the  number 
of  molar  teeth  increases  anteriorly  in  the  upper  jaw,  and  at  both  ends 
of  the  series  in  the  lower  jaw ;  though  the  number  of  true  molars 
never  exceeds  one  above  and  two  below.  Eight  genera  are  at  present 
grouped  in  this  tribe ;  and  they  show  modifications  in  the  reduced 
number  of  molars,  the  enlarged  size  of  the  upper  canines,  smaller 
size  of  the  lower  canine,  conical  form  of  the  croMis  of  the  incisors, 
addition  of  a  cutting  lobe  to  the  anterior  base  of  the  upper  sectorial 
tooth,  the  obliteration  of  the  inner  tubercle  of  the  lower  sectorial  in 
which  the  heel  is  lost,  and  in  the  development  of  cutting  lobes  on 
the  hinder  borders  of  the  larger  premolar  teeth* 


ITimravua  gomphodm. 
Some  of  these  genera  may  belong  to  the  Cryptoprootidae ;  but 
until  the  number  of  digits  is  known  in  all  the  forms,  this  point 
cannot  be  determined.  Archalums  dehilia  was  an  animal  having 
much  the  aspect  of  existing  Gats,  but  with  more  slender  feet,  narrower 
head,  and  greater  convexity  of  the  region  between  and  behind  the 
eyes.  The  prehensile  organs  of  the  feet,  and  teeth,  were  less  robust 
It  was  about  the  size  of  the  American  Panther.  There  is  no  cutting 
edge  to  the  front  of  the  canine  tooth,  and  the  posterior  edge  is  not 
serrated.     The  sectorial  teeth  have  a  long  narrow  form,  the  superior 
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tooth  has  no  anterior  lobe,  and  the  inferior  tooth  has  no  internal 
tnberole,  bat  the  heel  is  present.  NimravtiB  is  known  from  two 
species  nearly  allied  to  Areh<dwru»,  but  distingoished  by  wanting  the 
anterior  premolars  in  both  jaws,  while  the  large  canine  in  the  upper 
jaw  is  denticulated.  In  dental  formula  and  characters,  it  resembles 
HoplophoneuB,  with  the  addition  of  a  tubercular  inferior  molar  tooth 
There  is  no  evidence  to  show  the  length  of  the  body.  The  canine 
teeth  were  probably  exposed ;  and,  as  penetrating  weapons,  are  un- 
rivalled among  carnivorous  animals.  Three  species  of  Diniciis  are 
described ;  it  is  a  primitive  sabre-tooth  genus,  closely  connected  with 
the  false  sabre-toothed  group.  The  superior  canine  is  long  and  com- 
pressed, and  rests  against  an  inferior  marginal  flange  of  the  mandible, 
whose  surface  is  divided  from  that  of  the  symphysis  by  a  strong 
angle.  Pogonodon  connects  DinieUa  with  the  higher  sabre-toothed 
genera,  but  wants  the  tubercular  lower  molar  of  DinietiSf  while  it 
possesses  the  second  inferior  premolar  which  is  wanting  in  Hoplo- 
phoneus.  The  species  are  the  largest  of  the  North  American  sabre* 
tooths. 


Tdffonodon  platyeopiim 

P.  plaiycopiB  is  equal  to  the  largest  Brepanodon,  and  only  inferior 
in  size  to  Smilodon,  The  skull  is  equal  in  size  to  the  largest  Brazilian 
variety  of  the  Jaguar.  The  molar  teeth  are  rather  small,  the  second 
sectorial  is  primitive,  and  peculiar  in  its  robust  heel.  JEToplopJwneus 
is  a  genus  with  the  dental  formula  of  Drepanodon  and  the  true  Cats, 
but  which  retains  the  primitive  form  of  the  sectorial  teeth  in  the 
lower  jaw.  The  type-species  was  as  large  as  the  Canadian  Lynx, 
with  long  and  slender  upper  canines.  Three  species  are  described. 
Here  Book  i.  terminates,  leaving  the  remainder  of  the  John  Day 
fauna,  as  well  as  that  of  the  Pliocene  period,  for  description  in  the 
second  book  of  volume  iii.  The  beautiful  plates  by  which  the  text 
is  illustrated  reflect  credit  upon  the  artists,  as  well  as  upon  the 
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OoTernment  Department  which  issues  them,  and  will  always  make 
this  work  one  of  the  standard  landmarks  in  the  history  of  Mammalian 
life. 

As  we  close  the  book,  it  is  with  an  earnest  desire  that  the  same 
devotion  of  the  Department  of  the  Interior  to  the  interests  of  Soienoe 
which  has  plaoed  this  magnificent  contribution  before  the  world, 
may  at  no  distant  date  be  able  to  secure  the  publication  of  the 
remainder  of  the  author's  contributions  to  a  knowledge  of  the  fossil 
Yertebrata  of  the  United  States  Territories.  It  is,  we  believe,  known 
that  the  materials  for  these  histories  have  been  in  part  gathered  by 
many  adventurous  explorations,  and  not  inconsiderable  expenditure 
by  the  author ;  and  that  the  United  States  Government  has  already 
spent  large  sums  of  money  in  preparing  plates  to  accompany  the 
text,  which  remains  in  their  hands  unused«  We  venture  to  believe 
that  the  gratitude  which  scientific  men  feel  for  the  work  already 
published,  emphasizes  the  hope  that  it  may  be  speedily  completed ; 
for  it  is  one  of  the  most  valuable  contributions  to  knowledge  ever 
made  by  an  individual,  and  its  publication  reflects  honour  on  the 
nation. 

When  we  survey  the  enormous  range  of  Professor  Cope's 
work,  which  has  enriched  every  department  oi  the  Vertebrata  with 
new  materials,  often  interpreted  with  strikingly  original  conceptions, 
it  is  impossible  not  to  bear  witness  to  the  magnitude  of  labours 
which  derive  their  chief  value  from  the  genius  which  directs  them. 
Shortcomings  are  easily  detected,  but  when  balanced  against  valuable 
achievements,  may  well  be  passed  over.  Most  of  the  great  writers 
on  similar  subjects  in  the  Old  World  have  secured  honour  by  select- 
ing for  their  labours,  materials  more  or  less  perfect,  which  left  no 
doubt  on  their  interpretations.  Obscure  and  difficult  specimens  have 
been  laid  on  one  side  until  later  discoveries  or  maturer  powers  in  the 
writer,  removed  the  obscurities.  Professor  Cope,  on  the  other  hand, 
has  never  shrunk  from  any  difficulties  which  his  materials  presented. 
A  tooth,  or  a  fragment  of  a  mandible,  or  an  ankle  bone  in  his  hands 
has  revealed  a  new  type  of  life.  The  discoveries  which  other  men 
have  viraited  for,  for  half  a  lifetime,  he  has  utilized  as  the  fossils 
successively  came  to  hand,  so  that  the  nomenclature  of  his  species 
has  changed,  and  the  interpretation  of  organic  structures  has 
gradually  unfolded  results  of  increasing  value.  There  is  hardly  any 
writer  whose  work,  looked  back  upon  after  a  quarter  of  a  century, 
does  not  show  that,  here  and  there,  interpretations  might  be 
improved.  Such  improvements  Prof.  Cope  has  been  able,  in  many 
cases,  to  make  in  a  much  shorter  time  by  unceasing  industry,  and 
vigilance  to  seize  new  truths  as  they  appeared.  Work  like  this, 
upon  fragmentary  fossils,  appeals  with  most  powerful  interest  to 
those  whose  knowledge  enables  them  to  appreciate  this  daring  faith 
in  scientific  methods,  which  is  hedged  round  with  reasons  for  the 
results  proclaimed.  And  it  is  only  when  these  earlier  judgments  are 
in  so  many  cases  sustained  by  later  work  on  better  specimens,  that 
the  discriminating  insight  manifested  justifies  such  methods  of  work. 

The  results  at  which  the  author  has  arrived  in  this  first  book  of 
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Tolnme  iii.  are  modestly  stated  by  himself  under  fifteen  heads,  in- 
cluding suoh  matters  as  the  discovery  of  the  Laramie  genus  ChampsO' 
9aurus  in  Tertiary  beds,  the  discovery  of  Tertiary  allies  of  PlagiauUix, 
the  discovery  of  Gve  families  and  many  genera  of  Creodonta,  the 
discovery  of  the  Periptychidae,  the  Meniscotheriid»,  the  Phenaco- 
dontidaB,  the  discovery  of  characters  of  the  suborder  Condylarthra, 
the  characters  of  the  PantolambdidsB,  of  the  suborder  Taligrada, 
of  the  AnaptomorphidsB,  the  reconstruction  of  Hyracotherium  and 
HyrachuB,  the  discovery  of  many  Marsupials  in  the  Lower  Miocene, 
and  of  ancestors  of  the  Cats  and  Dogs ;  to  which  may  be  added  the 
description  of  three  hundred  and  forty-nine  species,  all  discovered  by 
the  author,  except  thirty -two.  But  dthough  the  present  volume  may 
not  claim  to  have  first  set  forth  the  greater  results  to  which  these  are 
but  some  of  the  stepping-stones,  we  may  point  to  the  method  of  com- 
parison of  the  fossil  types  with  each  other  and  with  living  genera  as 
indications  of  the  sources  of  knowledge  by  which  the  grouping  of 
families  and  genera  has  been  produced,  which  has  given  rise  to  new 
ordinal  and  sub-ordinal  groups  and  improved  classifications.  The 
conception  of  the  Bunotheria  will  always  remain  one  of  the  most 
interesting  of  these  results,  because  it  is  the  first  attempt  to  apply 
the  principles  of  evolution  to  Mammalian  classification  in  its  larger 
grouping.  The  Amblypoda  introduces  a  new  hoofed  type  of  life, 
which  was  already  elaborated  by  the  descriptions  of  Coryphodon, 
given  in  Lieutenant  Wheeler's  Survey  in  1877.  These  and  a 
multitude  of  minor  innovations  in  classification  are  the  fruits  of  new 
knowledge  gathered  partly  from  animals  still  living,  partly  from 
the  wonderful  organisms  discovered  in  United  States  rocks.  It 
is  not  too  much  to  say  that  the  light  thus  thrown  upon  the  Mammalia 
as  a  whole,  is  more  instructive  as  to  the  laws  of  life,  and  the  condi- 
tions under  which  the  component  structures  of  animals  have  varied, 
and  been  evolved,  than  the  insight  gained  during  the  same  time  by 
the  study  of  Embryology.  This  harvest  of  fruit  from  the  past  may 
justify  the  confidence  that  in  the  history  of  fossil  life,  which  has  yet 
to  be  told  by  the  palsdontologist,  the  significance  of  the  varied 
organization  of  existing  animals  will  be  demonstrated. 

H.  G.  Seelst. 


IL — M.  L.  DoLLO  ON  NEW  Ohblonians  from  the  Eocene  of 

Belgium.^ 

IN  these  two  memoirs  the  learned  Assistant  Naturalist  to  the  Boyal 
Belgian  Museum  of  Natural  History  describes  two  new  genera 
of  Chelonians  which  are  of  very  considerable  interest,  and  also  pub- 
lishes a  synopsis  of  the  classification  of  the  order,  which  is  a  modifi- 
cation of  that  proposed  by  Prof.  E.  D.  Cope,  of  Philadelphia. 

^  **  Leg  Ch^onieiiB  du  Bmzellieii  (Eocene  Hoyen)  de  la  Beleiqne,"  Ball.  Has.  R. 
Hist.  Nat  Belg.  toI.  iy.  75-86,  pis.  i.  ii.  (1884),  "Lee  Gh6lonien8  Landeniens 
(Eocene  Inf^rieur)  de  la  Belgique,"  Jbid,  pp.  129-141,  woodcute. 


Digitized  byVjOOQlC 


522  Reviem — DolUfs  Eocene  Chelontane. 

The  proposed  olassifioation  is  as  follows : 

Order  Chblonia. 
Suborder  1.  P&ncHBLOinA. — Sect.  Macbloonatha. 

2.  EUCHBLONIA. —       „      1.   AtHBOJB. 

M    2.  Thecophosa. 

Sabseot  1.  Plburodiba. 

2.  Cbtptodiba.   a.  Daetyloplattra. 
b.  CUdoplattra 
0.  Ljf9&pla9ira, 

The  first  suhorder  is  a  purely  hypothetical  one,  and  is  formed  for 
the  ancestors  of  the  known  forms  which  are  presumed  to  have  been 
furnished  with  teeth.  Apart  from  the  general  question  whether 
it  is  advisable  to  overload  scientific  nomenclature  with  terms  for 
hypothetical  groups,  it  appears  to  us  that  in  this  instance  the  author 
would  have  exercised  greater  discretion  if  he  had  refrained  from 
proposing  this  suborder,  since,  as  Prof.  A.  Newton  has  reoently 
shown  in  the  case  of  the  Birds,  it  does  not  necessarily  follow  that  the 
possession  of  teeth  by  the  more  primitive  forms  of  a  group  entails 
the  separation  of  such  forms  from  the  more  specialized  groups  which 
have  lost  these  organs. 

The  Euchelonia  comprehends  all  known  members  of  the  order ; 
the  section  Athecsd  being  formed  for  Sphargis  and  its  fossil  allies ; 
while  the  section  Thecophora  includes  all  other  known  forms.  The 
first  subsection  (Pleurodira)  of  the  latter  embraces  the  existing 
family  Chelydtda  and  certain  Mesozoic  forms  such  as  JPleaiochelye. 
The  existing  members  (e.g,  CheHys,  Plaiemys,  and  EydraspU)  of  this 
subsection,  which  is  characterized  by  certain  features  of  the  pelvis, 
and  the  presence  of  an  intergular  plate,  are  now  entirely  confined  to 
the  Southern  Hemisphere;  and  it  is  interesting  to  note  that  while 
Plaiemys  is  represented  in  the  Lower  Eocene  of  England,  a  member 
(H,  Leiihi)  of  the  South  American  genus  Eydraspia  has  been  described 
by  Dr.  Gray  from  the  Eocene  of  Bombay.  In  the  Ci7ptodira,  which 
may  be  now  regarded  as  the  Chelonians  of  the  Northern  Hemisphere, 
are  included  all  the  remaining  members  of  the  order.  In  the  first 
(Dactyloplastra)  of  the  three  groups  into  which  this  subsection  is 
divided,  M.  DoUo  recognizes  four  families, — the  Chdonida,  FropleuT' 
ida,  Trionychid(ej  and  Chdydrida,  The  second  group  ^Olidoplastra) 
is  divided  into  the  PleuroBtemida,  BaSnida,  Adociaa,  Emydida^ 
Cino8temid<B,  and  Testudinida ;  while  the  third  (Lysostema)  com- 
prises only  the  CtBtudinida  {e,g.  Cistudo,  Terrapene,  etc.). 

We  are  by  no  means  sure  whether  such  a  complicated  division  of 
the  Cryptodira  is  advisable,  especially  as  some  English  systematists 
(e.g.  Dr.  Sclater  ^ )  include  the  Cisiudinida,  Cinoatemida,  Chelydrida 

g,    Chelydra  and  Macroehely$  or  Maeroclemmys),  and  apparently 

e  BaSnidoB  (f.«.  if  Dermatemya  be  classed  in  the  latter)  in  the 
Emydida,  and  do  not  consider  the  characters  on  which  M.  DoUo 
relies  as  of  more  than  generic  value.  This  is,  however,  a  matter  on 
which  every  scientist  who  has  studied  the  group  is  entitled  to  use 
his  own  opinion. 

Turning  now  to  the  new  forms  described  by  M.  DoUo,  perhaps 

^  See  « list  of  Animals  in  Gardens  of  Zool.  Soo."  8th  ed.  pp.  661-671  (1883). 


(e, 
the 
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the  most  interesting  is  the  one  from  the  Bruxellien,  to  which  he 
applies  the  name  Paettdoirionyx,  and  classes  in  the  Chelydrida.  This 
form  is  characterized  by  the  absence  of  homy  plates  and  the  presence 
of  a  scate-sculptnre,  like  Trionyx,  but  was  apparently  famished  with 
a  complete  series  of  marginal  scutes,  while  the  plastron,  although  only 
imperfectly  united  to  Uie  carapace,  is  much  more  complete  than 
in  the  latter.  This  genus  evidently  forms  a  connecting  link 
between  the  typical  Trionychida  and  those  Tortoises  in  which  the 
shell  is  complete;  M.  Dollo  attaches  more  weight  to  the  apparent 
completeness  of  the  marginal  scutes  than  to  the  sculpture  of  the 
scutes  and  the  absence  of  homy  plates,  and  therefore  separates 
the  genus,  together  with  AnosHra  and  AphoUdemyB  of  Leidy  from 
the  Trionychida ;  but  we  cannot  help  thinking,  from  the  variations 
in  the  former  respect  between  Trionyx  and  Emyday  that  the  argu- 
ments are  at  least  as  strong  in  favour  of  the  opposite  view,  and  for 
taking  the  presence  of  homy  plates  as  a  characteristic  of  the 
£mydida,  in  the  sense  in  which  that  term  is  used  by  Dr.  Sclater. 

The  second  genus,  PachyrhynehuSt  is  from  the  Lower  Eocene,  and 
is  referred  to  the  Chelonida;  it  is  represented  not  only  by  the 
typical  Belgian  F.  OoBseleti,  but  probably  also  by  the  three  forms 
from  the  London  Clay  described  by  Professor  Sir  R.  Owen 
under  the  names  of  Chdone  longiceps,  C.  planimentum,  and  C. 
trigoniceps.  The  genus  is  distinguished  from  Chelone  by  the  great 
length  of  the  mandibular  symphysis ;  by  the  triangular  form,  thick- 
ness, and  slight  depression  of  the  palate ;  the  depth  of  the  latero- 
temporal  notches ;  the  separation  of  the  nasals  ;  and  by  the  posterior 
nares  being  separated  from  the  anterior  ones  by  long  narrow 
channels,  and  by  opening  on  the  posterior  third  of  the  basal  aspect 
of  the  cranium.  These  differences  M.  Dollo  is  inclined  to  regard  as 
of  rather  more  than  generic  value. 

M.  Dollo  is  to  be  congratulated  on  this  paper,  and  especially  on 
the  careful  diagnosis  of  characters  distinguishing  all  his  work. 

E.  L. 


THE  VOLCANIC  ERUPTION  OF  NEW  ZEALAND. 
Sib, — Almost  every  geologist  will  have  read  the  deeply  interesting 
accounts  and  speculations  by  Mr.  Archibald  Gteikie  and  Dr.  Hector 
in  '*Natute,'*  and  of  Mr.  K.  Etheridge,  jun.,  in  this  Magazine.  As 
the  district  affected  is  one  likely  to  be  subjected  to  a  careful  inves- 
tigation, may  I  be  permitted  to  draw  attention  to  a  few  facts  of 
important  bearing  on  vulcanological  science  that  should  be  cleared 
up.  In  my  paper  on  the  geology  of  Vesuvius  and  Monte  Somma 
and  in  other  communications,  it  was  pointed  out  that  after  a  long 
state  of  quiescence  of  a  volcano,  the  subsequent  eruption  should  be 
of  the  explosive  or  plinian  type.  That  is  to  say,  the  stony  products 
should  consist  essentially  of  pumice  due  to  the  length  of  time  that 
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the  magma  had  remained  in  contact  with  aqniferous  strata,  gradaally 
absorbing  water,  and  consequently  the  impossibility  of  the  outflow 
of  laya  until  all  the  water-saturated  magma  has  been  ejected.  In 
relation  with  this  the  presence  of  the  three  divisions  of  the  ejeota- 
menta ;  the  lowest  or  first  being  a  very  vitreous  pumice,  except  for 
the  presence  of  pre-emptive  minerals  such  as  the  felspars,  amphiboloy 
mica,  and  magnetite  of  first  consolidation;  the  second  or  middle 
division  being  far  more  microlithic,  with  the  presence  of  pyroxene  or 
other  eruptive  or  post-eruptive  formed  minerals ;  and  the  third  or 
upper  division  consisting  of  ash  due  to  the  loss  of  cohesion  mthin 
the  magma  in  consequence  of  the  advanced  stage  of  conversion  of 
the  glassy  part  into  **  formed  "  or  individualized  matter. 

In  many  tufas,  and  especially  those  formed  from  the  third  or  upper 
division  of  the  products  of  a  pUnian  eruption,  or  of  any  pumiceooa 
ash,  there  are  an  abundance  of  little  pisolitic  concretions  of  great 
perfection.  Scrope  has  suggested  drops  of  water  falling  in  the  dust  as 
the  cause  of  their  production.  To  me  they  seem  rather  a  s^r^ation 
similar  to  what  occurs  in  the  felspathic  and  siliceous  glazing  cream 
in  pottery  manufacture ;  but  there  is  still  much  doubt,  and  observation 
would  be  of  much  value  if  made  on  the  new  ash,  as  we  do  not  know 
whether  they  are  formed  immediately,  or  after  long  exposure  and 
soaking  by  moisture.  One  thing  should  be  remembered,  and  that 
is,  that  a  few  small  ones  may  be  inclosed  in  a  larger  one,  which  is 
not  compatible  with  Scrope's  theory. 

The  next  point  is  the  vesicular  structure  in  ashes,  which  often  so 
well  mimics  that  of  lava,  that  in  old  decomposed  rocks  much  doubt 
may  exist  as  to  whether  a  given  mass  may  be  a  lava  or  a  tuff. 
I  think  the  drops  of  rain,  suggested  as  an  explanation  of  pisolites,  is 
the  real  influence  at  work  in  producing  these  vesicular  cavities. 

Next,  it  would  be  interesting  to  know  whether  new  cones  (or  more 
properly  crater-rings)  have  been  formed  within  the  craters  of 
explosion  towards  the  end  of  the  eruption. 

Observations  on  the  proportion  of  the  eisential,  accesBory,  and 
accidental  ejectaraenta  should  be  made  in  each  of  the  subdivisions  of 
the  deposits,  and  at  diflerent  distances  from  the  centres  of  explosion. 

Observations  of  the  green  and  dry  wood  buried  in  the  pumice 
would  clear  up  the  question  as  to  whether  the  peculiar  lignitization 
or  carbonization  to  be  seen  at  Pompei,  not  only  in  wood,  but  also  in 
bread,  fruit,  cloth,  grain,  eta,  is  due  to  burning,  baking,  or  subse- 
quent decomposition.  In  Pompei  neither  glass  nor  lead  was  fused 
where  buried  by  the  falling  pumice.  This  I  have  shown  to  be  due 
to  the  low  temperature  of  the  pumice  from  the  loss  of  heat  in 
converting  liquid  or  dissolved  water  into  vapour  on  the  relief 
of  pressure  during  the  eruption. 

Lastly,  search  i^ould  be  made  for  fulgurites,  which  have  been  met 
with  at  Pompei. 

H.  J.  JOHNSTOM-LAVia. 
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THE  PEA-GRIT  OP  LECKHAMPTON  HILL. 

Sir, — In  the  Quarterly  Journal  of  the  Geological  Society  just 
issued,  there  is  a  paper  by  my  friend,  Mr.  Witchell,  of  Stroud,  on 
**  The  Basement  Beds  of  the  Inferior  Oolite  of  Gloucestershire."  * 
The  reasons  for  writing  the  paper  are  given  under  two  heads,  but 
I  am  only  now  concerned  with  the  first  Mr.  Witchell  says:'  1. 
"  That  the  beds  called  *  Pea-grit*  in  the  Leckhampton  section  by  Hugh 
Strickland,  which  name  was  adopted  by  Dr.  Wright  and  the  Geolo- 
gical Surveyors,  included  in  that  term — erroneously  as  I  think — all 
the  beds  occurring  between  the  Pea-grit  proper,  and  the  Cephalopoda 
bed  of  the  sands,  which  beds  are  shown  in  some  sections  to  be  more 
than  thirty  feet  in  thickness." 

Further  on  Mr.  Witchell  tells  us  that  the  "Pea-grit"  and  Base- 
ment  Beds  at  Leckhampton  Hill  "  are  described  as  Pea-grit  in  the 
published  works  referring  to  them.  Now,  if  Mr.  Witchell  will  refer 
to  the  late  Dr.  Wright's  paper,'  "  On  the  Palsdontological  and  Strati- 
graphical  Relations  of  the  so-called  Sands  of  the  Inferior  Oolite,"  he 
will  find  that  in  the  section  of  Leckhampton  Hill  the  lower  beds  of 
the  Inferior  Oolite  are  referred  to  as  TeA-grit  and  ferruginous  oolite" 
That  Dr.  Wright  was  fully  aware  of  beds  of  oolitic  structure  beneath 
the  "  Pea-grit,"  and  which  he  recognized  as  distinct  from  the  par- 
ticular bed  bearing  that  name,  is  shown  by  his  section  of  Cleeve 
Hill,*  in  which  he  gives  the  following : — 

ft.    in. 

Pea-grit     21     30 

Coarse  ferraginoufl  oolite        22      6 

Edwabd  Wethered. 


NOTIDANUa    AMALTHEl  OPPEL. 

Sib, — During  a  recent  examination  of  the  fossil  Vertebrates  in  the 
Whitby  Museum,  which  I  have  been  enabled  to  make  through  the 
kindness  of  Mr.  Martin  Simpson,  I  have  been  fortunate  enough  to 
meet  with  the  Liassic  tooth  mentioned  by  Tate  and  Blake  as  referable 
to  Notidanus  Amalthei,  This  specimen,  it  will  be  remembered,  was 
not  forthcoming  at  the  time  of  publication  of  my  contribution  to  the 
Palaoontology  of  the  NotidanidsB  {antea,  p.  208),  and  it  may  therefore 
be  interesting  to  add  a  brief  note  npon  the  features  it  presents. 

The  fossil  consists  merely  of  a  single  laterally-compressed  cone, 
scarcely  two  millimetres  in  height,  with  a  very  minute  denticulation 
at  the  base  of  one  edge,  and  fixed  upon  a  fragment  of  a  root  The 
cone  has  an  enamelled  surface,  and  the  one  side  is  almost  plane, 
while  the  other  is  strongly  convex ;  and  the  appearance  of  the  tooth 
is  certainly  suggestive  of  other  cones  having  been  broken  away  from 
the  one  that  remains.  There  can  be  scarcely  any  doubt,  indeed,  that 
the  specimen    belongs   to  a  Selachian  genus,  and  it  bears  much 

1  Q  J.G.8.  Tol.  lUi.  part  3,  No.  167,  pp.  264—270.  «  Ihid,  p.  264. 

«  Ibid.  vol.  xii.  p.  296,  1856. 

*  Proc.  Cotteswold  Club,  1869,  *<  Correlation  of  the  Jurassic  Bocks  of  the  Cdte 
d*Or  and  the  Cottetwold  Hills." 
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more  resemblance  to  a  dental  fragment  of  Notidanus  than  tbe 
Swabian  fossil  described  by  Oppel,  as  far  as  the  latter's  figure  will 
enable  one  to  judge.  It  does  not  agree  with  the  teeth  of  Palaotpinax 
or  any  other  Liassio  Shark  I  have  had  the  opportunity  of  studying, 
and  Tate  and  Blake's  determination  is  very  possibly  correct;  but 
more  satisfactory  evidence  must  still  be  awaited  before  there  is 
absolute  certainty  of  the  presence  of  Noiidanus  among  the  early 
Jurassic  fauna.  A.  Smith  Woodwakd. 


ENT0M08TRACA  IN  THE  RH^TICS. 
Sm, — In  the  Oeoloqioal  Maoazine,  May,  1886,  p.  203,  a  slight 
error  occurs  in  Mr.  J.  S.  Gardner's  interesting  paper,  in  stating  that 
"  the  valves  of  a  species  of  Cydaa  abound  in  the  RhaBtics."  This 
should  have  been  either  Candona  or  possibly  CyprU ;  the  latter  may 
be  after  all  correct,  as  it  is  associated  with  the  freshwater  aquatic 
Moss,  Naiadites.  The  supposed  Cydaa  has  been  determined  to  be 
Estheria,  a  brackish-water  Crustacean,  though  Sowerby  stated  it  to 
be  Cydas,  when  my  work  on  Fossil  Insects  was  published.  In 
the  Mote  (2)  at  the  bottom  the  reference  should  have  been  not 
to  the  Esiheria  bed  in  particular,  but  to  the  Rhsetios  in  general 
(in  which  the  former  is  included),  which  may  be  considered  to  be 
junction  or  passage  beds  between  the  Trias  and  the  Lias. 

P.  B.  Bbodis. 


OBITTT-A.I^'Y". 


HARVEY   BUCHANAN   HOLL,    M.D.,   F.G.S. 
BoKN  28th   Sbptbmbbb,    1820 ;    Dibo   11th   Septbmbeh,    1886. 

This  able  geologist  and  palsBontologist  was  son  of  the  late  William 
Holl,  Esq.,  formerly  of  Worcester.  After  passing  through  Dr.  Walter's 
School  at  Worcester,  he  entered  the  Medical  College  in  Birmingham. 

During  this  period  of  Harvey  Holl's  career,  when  he  was  only  about 
17  years  of  age,  he  became  acquainted  with  Sir  Henry  de  la  Beche, 
and  was  invited  by  that  distinguished  geologist  to  accompany  him  in 
a  geological  reconnaissanoe  through  Devon  and  Cornwall  It  was 
probably  owing  to  this  expedition  (which  extended  over  some  six 
months)  that  young  Holl  became  confirmed  in  his  geological  tastes, 
and  for  a  time  was  led  entirely  to  abandon  his  medical  studies. 

From  the  good  opinion  which  Sir  Henry  de  la  Beche  formed  of 
HoU's  work  in  the  field,  he  recommended  the  youthful  geologist  to 
his  friend  Professor  Rogers,  of  Philadelphia  (who  was  seeking  an 
assistant),  and  Harvey  Holl  started  off  to  join  his  new  chief  and 
take  a  part  in  the  Oeological  Survey  of  Pennsylvania.  In  this 
interesting  region,  Holl  remained  for  about  three  years,  and  spent  a 
year  longer  in  the  United  States  geologising  on  his  own  resources. 

Upon  his  return  to  England,  Holl  entered  as  a  student  at  St. 
George's  Hospital,  and  successfully  passed  the  Eoyal  College  of 
Surgeons  in  London.  In  1859  he  graduated  as  M.D.  at  King's 
College,  Aberdeen. 
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On  the  breaking  out  of  the  Crimean  War,  Dr.  Holl  was  appointed 
one  of  the  Senior  Civil  Surgeons  to  aid  the  military  staff,  whioh  was 
totally  inadequate  to  the  heavy  strain  laid  upon  it  by  the  first  year's 
severe  trials  and  sufferings.  He  remained  abroad  until  the  end  of 
the  campaign,  serving  partly  in  the  Crimea,  but  most  of  the  time  in 
the  hospital  at  Scutari.  On  his  return  after  the  conclusion  of  peace 
with  Eussia,  he  settled  for  some  years  as  a  medical  practitioner  in  St, 
George's  Square,  Pimlico. 

Dr.  Holl  was  remarkable  for  his  extremely  reserved  and  retiring 
habits  and  formed  consequently  but  few  friendships.  Tet  he  was 
by  no  means  a  man  of  small  ability.  As  a  medical  practitioner  he 
might  have  attained  great  eminence,  but  he  never  was  ambitious 
of  fame. 

An  earnest  student  of  Cryptogamic  Botany,  he  has  left  some  forty- 
seven  volumes  of  carefully  collected  British  Lichens,  all  arranged 
and  named  by  himself.  He  was  also  a  liberal  donor  to  the  Botanical 
Department  of  the  British  Museum. 

As  a  geologist  and  palaeontologist,  he  displayed  great  power, 
and  his  papers  always  met  with  high  appreciation  in  the  Geological 
Society.  During  his  field-excursions  he  had  formed  a  considerable 
collection  of  British  fossils,  among  which  were  numerous  species 
and  varieties  of  the  Silurian  genera  Beyrichia,  Primitia,  and  their 
allies,  in  very  perfect  preservation.  As  a  good  microscopist,  clever 
draughtsman,  and  careful  observer,  he  willingly  and  ably  co-operated 
with  Professor  Rupert  Jones  in  the  study  and  description  of  the  older 
Ostraooda.  Within  this  year  even  he  warmly  assisted  in  the  work, 
and  notwithstanding  his  declining  health,  he  supplied  new  sketches 
and  notes  of  his  favourite  little  fossils. 

Dr.  Holl  was  well  known  among  the  leading  members  of  the 
Hereford,  Woolhope,  Malvern,  and  Cotteswold  Natural  History 
Field  Clubs,  and  was  himself  frequently  present  at  their  meetings 
and  excursions. 

Although  an  excellent  palsBontologist,  he  will  probably  be  most 
widely  known  and  remembered  as  an  able  and  experienced  geologist, 
and  the  papers  which  will  best  be  recollected  are  those  on  the  Geolo- 
gical Structure  of  the  Malvern  Hills,  in  which  area  he  made  great 
advances  on  the  work  of  Prof.  Phillips ;  and  his  memoir  •*  On  the 
Older  Rocks  of  South  Devon  and  East  Cornwall,"  in  which  he 
exemplified  the  excellence  in  method  of  his  early  teacher  in  Devonian 
geology.  Sir  Henry  de  la  Beche. 

To  those  who  had  the  pleasure  to  know  him,  and  were  able  to 
penetrate  beneath  his  ordinary  reserve,  he  will  be  remembered  as 
a  genial  and  pleasant  comrade,  full  of  scientific  information,  and 
lasting  in  his  attachment  to  his  friends. 

Dr.  Holl  was  elected  a  Fellow  of  the  Geological  Society  in  1862, 
and  having  about  this  time  relinquished  his  practice,  he  removed  to 
Tower  Lodge,  The  Link,  Malvern,  where  he  again  took  up  his 
favourite  geological  studies,  and  in  1863  communicated  a  paper  to 
the  British  Association  **  On  the  Metamorphic  Rooks  of  the  Malvern 
Hills."' 

'  Brit.  Assoc.  Beport,  1863  (part  2),  pp.  70—73. 
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Tn  tbe  same  year  he  also  read  a  paper  before  the  Greological  Sociefy 
of  London,  "  On  the  Correlation  of  the  several  Subdivisions  of  the 
Inferior  Oolite  in  the  Middle  and  South  of  England."' 

From  Malvern  Dr.  Hoi  I  removed  to  Elderslie  House,  London 
Eoad,  Worcester,  and  thence  to  Little  Perdiswell,  Worcester,  where 
he  resided  until  about  the  end  of  1884,  when,  for  the  sake  of  his 
health,  he  removed  to  Cheltenham,  living  first  at  3,  Oriel  Villas,  and 
lastly  at  1,  Derby  Villas  where  he  died  after  three  weeks'  illness, 
resulting  from  heart  disease. 

Besides  those  already  named,  the  following  additional  pt^rs  are 
credited  to  Dr.  Holl,  namely : — 

3.  On  the  Geological  Structure  of  the  Malvern  Hills  and  adjacent  District.    Quart. 

Journ.  Geol.  Soc.  1854,  vol.  xx.  p.  413,  and  vol  xxi.  1866,  pp.  72-102.     Phil. 
Mag.  1864,  vol.  xxviii.  p.  243. 

4.  On  the  Pre-Camhrian  Rocks  of  Central  England.     Biit.  Aasoe.  Rep.  1865,  toL 

XXXV.  (Sect.),  pp.  69-62;  Gbol.  Mao.  1866.  Vol.  II.  pp.  663-566. 
6.  Qoniopkyllum  pyramidaU^  Hisinger.     Gbol.  Mao.  1866,  Vol.  III.  pp.  430-431. 

6.  On  the  Geological  Position  of  the  Crystalline  Rocks  of  the  Malvern  Hills. 

Woolhope  Field  Club  Trans.  1866,  pp.  273-274. 

7.  On  the  Older  Rocks  of  South  Devon  and  East  Cornwall.     Quart  Journ.  GeoL 

Soc.  1868,  vol.  xxiv.  pp.  400-464  ;  Phil.  Mag.  1868,  vol  xxxvi  p.  168. 

8.  Notes  on  Fossil  Sponges.     Gbol.  Mao.  1872,  Vol.  IX.  np.  309-316,  and  343-362. 

9.  The  Epitheca  in  Fossil  Sponges.     Monthly  Microsc.  joum.  1872,  vol.  viii.  pp. 

141-142. 

He* was  also  joint-author  with  Prof.  T.  Enpert  Jones,  F.R.S.,  of 
the  following  papers,  viz. : — 

1.  Notes  on  the  Palsozoic  Divalved  Entomostraca.    No.  YI.    Some  SUurian  Species 

{Fi'imiUa),    Ann.  and  Mag.  Nat.  Hist.  1865,  vol.  xvi.  pp.  414-426. 

2.  Notes  on  the  Palaeozoic  Bivalved  Entomostraca.     No.  VIII.     Some  Lower 

Silurian  Species  from  the  Chair  of  Eildare.     Op.  eit,  1868,  pp.  64-62. 
8.  Notes  on  the  PalsBozoic  Bivalved  Entomostraca.    No.  IX.    Some  Silurian  Spedea. 

Op,eiL  1869.  pp.  211-229. 
4.  Notes  on  the  Palaeozoic  Bivalved  Entomostraca.    No.  XX.    On  &e  Genus 

Beyrichia  and  some  New  Snecies.     Op.  cit.  1886,  pp.  337-363. 
6.  Notes  on  the  Palaeozoic  Bivalved  Entomostraca.    No.  XXI.     On  some  Silurian 

Genera  and  Species.     Op.  cit.  pp.  403-414. 


n^ISCEIili-^l^EOTJS. 


Memokial  to  Dr.  Thomas  Davidson,  LL.D.,  F.I^.S. — Thursday 
was  the  first  anniversary  of  the  death  of  Dr.  Thomas  Davidson. 
The  proposed  memorial  to  his  memory  in  the  Brighton  Maseum  will 
take  the  form  of  a  life-sized  medallion  in  marble,  framed  in  alabaster. 
The  work  has  been  undertaken  by  Mr.  T.  Brock,  A.R.A.,  through 
the  kind  offices  of  Mr.  Edward  Armitage,  R.A.,  an  old  friend  and 
former  fellow  Art  student  of  Dr.  Davidson's  in  the  ateliers  of  Paul 
de  la  Roche.  Mr.  Armitage  has  contributed  £20  to  the  "Davidson 
Memorial  Fund,'*  and  his  advice  and  assistance  have  been  of  great 
service  to  the  Committee  and  Hon.  Secretaries. — Brighton  Herald, 
Oct  16,  1886. 

1  Quart.  Journ.  GeoL  Soc.  vol.  lii.  (1863),  pp.  70—73. 
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Fig  I.     X  12  Diam.  Fig.  2.     X  22  Diam. 


Fig.  3.     X  22  Diam.  Fig.  4.     X  22  Diam. 


Fig.  5.     X  22  Diam.  Fig.  6.     X  12  Diam. 
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Fig.  7.     X  22  Diam.  Fig.  8.     X  22  Diam. 


Fig.  9.     X  22  Diam.  Fig.   10.     X  22  Diam. 


Fig.  II.     X  24  Diam.  Fig.  12.     X  22  Diam. 
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THE 

aEOLOaiCAL    MAGAZIIsfE^ 

NEW    SERIES.     DECADE    III.    VQfc.'^lttv      -     j 
Ho.  Xn.— DECEMBEE,  1886.        '  [  .'    '    ,  ^- 


I. — Ok  the  Struottjbb  and  Obqanisms  of  thi  Lower  Lihb- 
STOMB  Shales,  Carboniferous  Luiestoni  and  Upper  Lime- 
stones OF  THE  Forest  of  Dean. 

By  Edwabd  Wbthbrbd,  P.G.8.,  P.C.S.,  F.B.M.S. 
(PLATES  XIV.  &  XV.) 

SIR  ANDREW  RAMSAY  has  described  1  the  Coal-fields  of  the 
Forest  of  Dean,  Somersetshire,  and  Bristol  as  outliers  of  the 
great  Coal-fields  of  South  Wales;  there  is,  however,  a  marked  thinniDg 
out  in  the  thickness  of  the  Carboniferous  rock  in  the  Forest  of  Dean 
as  compared  with  the  development  of  those  rocks  in  South  Wales 
and  BristoL  At  Clifton,  near  Bristol,  the  total  thickness  of  the 
Carboniferous  Limestone  is  about  2900  feet,  at  the  northern  end  ot 
the  Forest  of  Dean  Coal-field  it  is  about  600  feet. 

Professor  Edward  Hull  has  given '  a  comprehensive  idea  of  the 
several  divisions  of  the  Carboniferous  series  as  represented  by  typical 
developments  in  England.  He  has  divided  the  series  into  three 
divisions,  which  he  has  again  subdivided  into  stages  marked  by 
letters.  The  following  is  Professor  Hull's  classification,  but  I  have 
omitted  details  which  do  not  concern  this  paper. 

Thb  British  Ca&bonifbrous  Sbriba.    Beds  in  Dbsobndino  Order. 

Essentially  Presh-  i  Stage  0.    Upper  Goal-Measnres. 
water  and        \ 
Estuarine  Beds.   I  Stage  P.    Middle  Coal- Measures. 


Essentially 
Marine. 


'  Stage  E.    Oannister  Beds  (Phillips^  or  Lower  Coal-measures. 
"^     Millstone-grit  Series.     Coi 


Stage  D.    Millstone-g^t  Series.    Coarse  grits,  flagstones,  and 

shales,  with  a  few  thin  coal-seams. 
Stage  0.    Toredale  Series.     Shales  and  grits,  passing  down- 
wards into  dark  shales  and  earthy  limestones. 
'  Stage  B.    Carhoniferous  Limestone.    Massive  limstone,  pass- 
ing northwards  into  seyend  beds,  with  intervening 
Essentially  Marine,  <  shales  and  grits, 

except  Stage  A     |  Stage  A.    Lower  Limestone  Shales  and  Calciferous  Sandstone, 
in  Scotland.        i^  Dark  shales  in  some  places ;  grits,  conglomerates, 

and  red  sandstones  and  shales  in  the  northern 
district. 
Freshwater  Beds     /^**®*    ^VV^  ^^^  ^^  Sandstone.    Yellow  sandstones]  and 
*     I  conglomerates. 

In  the  Forest  of  Dean  stage  A  is  represented  resting  on  a  succes- 
sion of  many-coloured  calciferous  sandy  beds  and  shales,  very  much 

*  Physical  Geology  and  Geography  of  Great  Britain,  flfth  edition,  pp.  34,  36. 
Also,  Mem.  Geol.  Survey,  vol.  i.  p.  303.  * 

'  Quart.  Joum.  Geol.  Soc  vol.  zxxiii.  p.  616, 1877. 
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like  what  Prof.  Hall  describes  as  occurring  in  "  northern  difltrfctB." 
They  were  first  described  by  Mr,  W.  C.  Lucy,  F.G.S.,'  and  later  on 
by  myself.'     Stage  B  is  represented  by  the  Carboniferous  lAmestone, 
or  middle  series,  but  appears  to  be  quite  void  of  fossil  remains,  whidi 
fact  I  shall  refer  to  later  on.     Above  stage  B,  Professor  Hull  gi'^es, 
as  stage  0,  the  Toredale  Series,  and  he  describes  them  as  "shales  and 
grits,  passing  downwards  into  dark  shales  and  earthy  limestones.'' 
In  the  Forest  of  Dean  we  have  beds  very  similar  in  a  lithologfcal 
point  of  view  to  those  which  Prof.  Hull  described ;  bat  in  my  pre- 
vious paper,  just  referred  to,  objection  was  taken  to  my  classiiig 
these  upper  limestones  as  the  representatives  of  the  Yoredale  Series. 
I  shall  not  in  this  paper  discuss  that  question,  but  I  shall  show  that 
these  upper  limestones  are  different  from  the  Carboniferous  Lime- 
stone, and  are  quite  as  much  entitled  to  be  grouped  separately  as  Uie 
Lower  Limestone  Shales.     To  condense  what  I  have  said,  the  Car- 
boniferous Limestone  series  in  the  Forest  of  Dean  consists  of  the 
following  divisions : — 

Approziinate  thickness  in  ieeL 
Upper  Limestones  (occnpying  position  of  Toredale  Series 

of  the  North  of  England.)     Stage  C.  116' 

Carboniferoui  Limestone  proper.    Stage  B.  360 

Lower  Limestone  Shales.     Stage  A.  130 

Lower  Limbstome  Shales. 

The  calciferous  sandy  beds,  which  succeed  Old  Red  Conglomerate, 
gradually  become  more  calciferous  in  ascending  order,  till  at  last 
a  series  of  quarries  are  found  opened  out  in  a  succession  of  limestones 
and  shales.  Some  of  the  latter  are  bituminous,  a  feature  to  which 
I  have  called  attention  in  a  paper  communicated  to  the  Cotteswold 
Club.*  The  lowest  of  these  beds  are  exposed  in  two  quarries  on 
either  side  of  the  deep  cutting  near  Drybrook,  from  which  ih& 
following  specimens  were  selected  (see  Plates  XIV.  and  XV.). 

No.  1  (Plate  XIV.  Fig.  1). — A  crinoidal  limestone  which  gave  the 
following  result  on  chemical  analysis  : — 

ln«.l„blein«id     |  ^^f^"^^"  <««^)   Z        Z        Z        Z  s1.' 

/  Carbonate  of  Lime 90-40 

1  Carbonate  of  Magnesia 2*38 

j  Carbonate  of  Iron '42 

'Alkalies                 trace 


Soluble  in  acid 


100-18 

The  sand  is  little  else  than  grains  of  quartz  as  large  as  *01  of  an 

inch  in  diameter,  but  average  about  '003.     The  larger  ones  are 

rounded,  the  smaller  ones  angular.     The  absence  of  alumina  in  the 

analysis  is  a  feature  to  be  noticed,  as  in  the  analysis  of  a  crinoidal 

1  Proc.  Cotteswold  Club,  1866. 

2  Quart.  Joum.  Geol.  Soc.  vol.  xxiix.  p.  212,  1883. 

'  I  put  the  Upper  Limestone  at  116  feet,  but  it  is  impossible  to  measure  the  thick- 
ness accurately  at  present.  The  Wilderness  Portland  Cement  Company,  however,  is 
making  a  cutting,  near  Mitcheldean,  with  the  object  of  ascertaining  the  thickness,  as 
the  limestone  produces  a  good  cement. 

«  *'  On  the  Occurrence  of  Spores  of  Plants  in  tbe  Lower  Limestone  Shales  of  tlie 
Forest  of  Dean,'»  Proc.  Cotteswold  Clab,  1883—1884,  pp.  168—173. 
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limestoDe  from  the  Lower  Limestone  Shales  from  Clifbon  the  late 
Mr.  Stoddart  also  called  attention  to  the  absence  of  alumina :  he 
remarks/  "  The  absence  of  alumina  in  these  beds  is  very  remarkable, 
because  the  Lower  Limestone  Shales  are  very  argillaceous."  The 
organic  remains  preserved  in  this  bed  are  chiefly  those  of  Crinoids, 
associated  with  Polyzoa,  the  spines  of  Spirifera  and  Productus ; 
in  some  layers  the  two  latter  are  very  numerous. 

No.  2. — A  light  blue  hard  compact  limestone,  almost  entirely  made 
up  of  the  valves  of  Ostracoda,  but  there  are  also  present  a  few 
Polyzoa,  the  spines  of  Brachiopoda,  and  Spirorbis  carhonarius.  In 
the  majority  of  cases  the  valves  of  the  Ostracods  are  broken  into 
fragments,  but  where  preserved  the  largest  measure  '035  of  an  inch 
in  diameter.  The  remains  are  cemented  together  by  crystalline 
oalcite,  and  the  empty  valves  are  also  filled  with  the  same  mineral. 

No.  3. — A  slightly  ferruginous  limestone.  The  organic  remains 
are  not  well  preserved ;  those  which  can  be  determined  consist  of 
joints  of  Crinoids,  remains  of  Polyzoa,  valves  of  Ostracods  and  ob- 
scure calcareous  fragments. 

No.  4. — A  dark  argillaceous  bed  containing  17*15  per  cent  of 
organic  matter,  6*89  of  which  was  volatile.  On  washing  a  sample 
with  distilled  water,  a  large  quantity  of  mud  is  got  rid  of,  and  the 
residue  consists  of  quartz-grains,  fragments  of  shells,  plant-remains, 
and  the  jaws  of  Annelides. 

No.  5. — A  concretionary  limestone  slightly  oolitic,  the  nuclei  of  the 
granules  are  grains  of  quartz.  There  are  also  present  the  valves  of 
Ostracods,  joints  of  Crinoids,  and  the  remains  of  a  small  Coral. 

The  next  specimens  were  selected  from  a  quarry  a  little  beyond 
the  last  in  the  direction  of  Mitcheldean,  in  which  beds  were  exposed 
occupying  a  higher  horizon  than  those  in  the  previous  quarry. 

No.  6. — From  a  thickness  of  about  10  feet  of  thin  strata,  slightly 
ferruginous ;  on  exposure  to  the  air,  the  carbonate  of  iron  (in  which 
state  the  iron  exists)  undergoes  decomposition,  ferric  oxide  is  formed 
which  imparts  a  yellow  tinge  to  the  rock.  The  structure  exhibited  is 
chiefly  that  of  calcareous  sand,  among  the  grains  of  which  are  frag- 
ments of  shells.   The  spaces  between  the  sand  are  filled  in  with  calcite. 

No.  7  (PI.  XIV.  Fig.  3). — A  bed  of  argillaceous  limestone  3  J  inches 
thick,  and  contains  11*15  of  sand.  It  is  made  up  of  the  valves  of 
Ostracods,  occasionally  Polyzoa,  scanty  fragments  of  Crinoids,  and 
oolitic  granules.  As  in  the  previous  examples,  the  limestone  is  con- 
solidated by  an  infilling  of  calcite. 

No.  8. — A  dark  argillaceous  limestone  8J  inches  thick,  and  con- 
taining 16*4  per  cent,  of  sand.  The  calcareous  constituents  comprise 
the  spines  of  Spirifera,  broken  valves  of  Ostracods,  and  other  remains 
which  are  too  obscure  to  be  determined ;  some  were  probably  de- 
oomposed  and  altered  shell  fragments. 

No.  9. — Light  brown  arenaceous  limestone,  6  inches  thick,  con- 
taining 37*2  per  cent  of  sand  in  quartz  grains,  measuring  '004  of  an 
inch  in  diameter.   Microscopic  sections  show  the  valves  of  Ostracods, 

^  Ann.  Mag.  Nat.  Hist.  toI.  Tiii.  3rd  series,  p.  487. 

Digitized  byVjOOQlC 


632      E.  Wethered — Organisms  in  Carboniferous  Limestone. 

numeTouB  spines  of  Spirifera,  fragmento  of  sheUs,  etc     The  yacant 
spaces  are  filled  in  with  caloite. 

No.  10. — A  hed  of  blue  argillaceous  limestone  6  inches  thick; 
contains  16-75  per  cent  of  sand,  the  grains  of  whi<^  are  rounded 
and  measure  about  *004  of  an  inch  in  diameter.  The  rock  is  chieflj 
made  up  of  the  spines  and  other  remains  of  Brachiopoda  and  numerous 
valves  of  Ostracods. 

No.  11. — A  black  argillaceous  bed  5}  inches  thick  with  calcareotM 
arenaceous  layers.  In  the  argillaceous  material  the  joints  of  Orinoids, 
remains  of  a  small  variety  of  Bhynchenella  pleurodon  and  Ostracods 
were  discovered.  Sections  of  the  thin  calcareous  layers  showed  them 
to  be  largely  made  up  of  the  spines  of  Spirt/era,  a  few  joints  of 
Grinoids,  and  calcareous  fragments. 

No.  12. — An  earthy  limestone  5  inches  thick ;  contains  12  per 
cent,  of  sand,  the  grains  of  variable  size,  the  largest  measuring  -008 
and  the  smallest  '002  of  an  inch  in  diameter.  The  limestone  is 
largely  made  up  of  an  organism  to  which  I  shall  provisionally  give 
the  name  of  Mitcheldeania  (PL  XIV.  Fig.  6),  and  which  I  shall 
describe  further  on.     The  rook  also  contains  some  Ostraooda. 

No.  13  (PL  XIV.  Fig.  4).--A  light  limestone  8  inches  thick,  con- 
taining  3*2  per  cent  of  sand,  the  grains  measuring  -003  of  an  inch 
in  diameter.  Flakes  of  mica  and  fragments  of  other  minerals  are 
also  present  The  bed  contains  the  remains  of  Mitcheldeania^  a  few 
Polyzoa,  a  large  proportion  of  Ostracoda,  and  a  shell  which  Mr. 
Etheridge,  F.B.S.,  tells  me  is  allied  to  Murehisonia  angulata. 

PL  XIV.  Fig.  4  represents  a  portion  of  the  rock  in  which  the 
valves  of  Ostracods  are  the  chief  feature.  The  clear  calcite  ia  well 
shown  filling  up  the  empty  valves  and  spaces  between  them. 

No.  14. — Similar  to  the  last,  with  the  exception  that  Mitcheldeania 
is  less  numerous.     Thickness  1  foot  6  inches. 

No.  16  (PL  XIV.  Fig.  5). — Made  up  of  various  small  concretions, 
of  various  shapes;  calcareous  fragments  and  occasional  spines  of 
Spirifera,    Thickness  2^  inches. 

No.  16. — A  limestone  1  foot  3  inches  thick.  Chiefly  concretionary, 
with  the  spines  of  Froductus,  Crinoidal  remains,  and  other  calcareous 
fragments. 

No.  17. — A  black  argillaceous  bed  4  inches  thick,  containing  6-13 
per  cent,  of  sand,  the  quartz  grains  measuring  *004  of  an  inch  in 
diameter.  Flakes  of  mica  and  frs^ments  of  other  minerals  also  present 

No  18. — A  light  argillaceous  limestone  7  inches  thick,  containing 
10-5  per  cent  of  sand,  the  quartz-grains  varying  between  -009  and 
•001  of  an  inch  in  diameter.  The  organic  remains  are  chiefly  those  of 
Ostracods,  well  preserved  and  capable  of  being  extracted  from  the 
matrix. 

No.  19. — A  shelly  limestone  16  feet  thick,  and  containing  39*2  per 
cent  of  sand.  The  chief  calcareous  constituents  are  the  romains  of 
shells,  and  those  in  a  very  fragmentary  condition. 

Genkbal  Bevtbw  of  the  Loweb  Limestone  Shales. 

The  samples  examined  are  sufficient  to  give  a  correct  idea  of  the 
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struotare  of  tbe  rock  generally.  In  the  lowest  b^ds  of  the  series 
Ostraoods  have  contributed  very  largely,  in  some  cases  little  else 
than  the  valves  of  these  small  Crustaceans  make  up  tbe  limestone. 
In  the  upper  beds,  with  tbe  exception  of  No.  16,  they  become  less 
numerous,  and  in  some  cases  are  altogether  absent. 

Much  the  same  may  be  said  of  tbe  Crinoids.  Though  their  re- 
mains occur  throughout  the  series,  they  are  most  numerous  in  tbe 
lowest  beds,  and  in  one  they  are  tbe  chief  factor,  as  in  Fig.  1.  Tbe 
Polyzoa  are  most  numerous  in  tbe  Crinoidal  bed,  but  are  to  be  foimd 
throughout  tbe  Lower  Limestone  Shales.  They  are  not,  however, 
an  important  feature  in  the  structure  of  the  rocks  with  the  exception 
stated.  Tbe  shells  of  Rhynckonella  pleurodon  are  very  numerous  in  some 
beds  of  black  shale,  and  on  weathering  taking  place,  they  may  be 
collected  in  hundreds.  The  Lower  Limestone  shales,  as  with  lime- 
stones generally,  represent  tbe  floor  of  a  sea  in  which  tbe  organisms 
lived  which  we  now  find  in  a  fossil  state.  By  their  death  the 
limestone  was  formed  from  the  calcareous  portions  of  their  structure. 
Tbe  deposition  of  the  strata  doubtless  extended  over  a  long  period 
of  time,  during  which  tbe  conditions  were  varied,  and  thus  the  life 
varied  according  as  tbe  conditions  suited.  For  this  reason  we  get 
limestones  of  different  structure  and  quality,  which,  of  course,  was 
regulated  by  the  organisms  which  contributed  to  their  formation. 
The  limestone-forming  process  was  at  times  stayed,  during  which 
intervals  days  and  shales  were  deposited.  Tbe  water  was  probably 
not  deep.  This  is  shown  by  tbe  amount  of  sand  in  tbe  limestone, 
and  also  by  the  great  profusion  of  Ostraoods,  which  class  of  Crustacea 
are  not  abundant  in  extreme  depths  of  water.^ 

Oboanisms  of  the  Lower  Limestone  Shales. 
Ostracoda, — My  specimens  have  been  referred  to  Professor  Bupert 
Jones,  F.RS.,  and  Mr.  J.  W.  Kirkby,  to  whom  I  am  indebted  for 
their  careful  examination.  The  following  is  a  list  of  the  genera 
and  species  which  these  gentlemen  have  been  able  to  determine. 
Probably  others  exist,  but  tbe  difficulty  of  separating  them  from  tbe 
matrix,  and  thus  obtaining  reliable  specimens,  prevents  a  more 
definite  statement  being  made. 


Kirkbya  variability  J.  &  E. 

,,       plieata,  J.  &  E. 
Cytherella  eztttberata^  J.  &  E. 


Bythoeypria  fubltmata,  J.  &  E. 
Darwinala  Bemieiana  (?),  Jones. 
Leperditia  Okeniy  Munster. 


The  above  list  is  especially  interesting  and  important  in  connection 
with  the  Ostracoda  recently  described'  by  Prof.  Jones  and  Mr. 
Kirkby  from  the  Oayton  boring,  Northamptonshire.  The  material 
examined  yielded  six  recognizable  forms,  as  follows : — 

Maeroeypris  Jonstiana  (f),  E. 


Xirkbya  variabilis,  J.  &  E. 

„       plieata,  J.  &  E. 
Bytho$ypr%9  tublunata,  J.  &  E. 


Cytherella  extuberata,  J.  &  E. 
atUnuata,  J.  &  E. 


Comparing  the  above  list  with  mine,  from  the  Forest  of  Dean,  we 
find  that  from  the  Oayton  boring  six  genera  and  species  were  deter- 
mined, one  of  which  was  doubtful.    In  my  list  six  genera  and  species 

^  Challenger  Report,  Zoology,  on  tbe  Ostracoda,  p.  1. 
*  GioL.  Mao.  1886,  Deo.  III.  YoL  III.  pp.  248—368. 
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are  also  given,  one  of  which,  too,  is  doubtful.  In  each  case  we 
get  five  undoubted  genera  and  species,  and  of  these  four  appear 
in  both  lists,  Mr.  Kirkby  writing  to  me  remarks :  "  It  is  surprising 
how  similar  the  groups  of  species  are  to  those  we  have  just  described 
from  the  Gay  ton  boring." 

Professor  Jones,  after  an  examination  of  different  samples  from 
the  same  locality,  makes  similar  remarks.  Of  the  forms  described 
from  the  Oayton  boring  three  have  not  been  known  to  occur  above 
the  Galciferous  series  of  Scotland,  which  horizon  is  immediately 
above  the  Old  Bed  Sandstone  (Devonian).  The  forms  referred  to 
are  B.  suhlunata,  C,  extuberata,  and  C,  attenuata.  Of  these  two 
appear  in  my  list. 

Crinoidsa. — The  Crinoidal  remains  in  the  Lower  Limestone  Shales 
appear  to  be  those  of  two  genera.  One  of  these  is  Poteriocrinus  crassus. 
Miller,  and  the  other  probably  Miller's  genus  Rhodocrtnus.  In  some 
of  my  slides  apparent  pentagonal  joints  are  seen  (PI.  XJV.  Fig  2), 
which  I  was  at  first  puzzled  to  account  for.  On  reference  to  Miller's 
"  Crinoidea,"  I  found  that  he  had  figured  *  joints  resembling  mine, 
which  were  also  collected  in  the  Forest  of  Dean,  and  that  he  referred 
them  to  RhodocrinuB  rertis.  Miller  in  his  ''Description"  ex- 
presses some  doubt  as  to  whether  all  the  forms  referred  by  hita 
to  this  genus  are  really  the  same  species ;  he  remarks :  "  In  the 
columns  (pi.  ii.  fig.  1,  t  22)  which  I  consider  as  belonging  to  the 
animal  of  this  genus,  I  have  noticed  two  different  modes  of  organiza- 
tion, which  inclines  me  to  suspect  that  although  I  am  only  able  to 
treat  of  one  species  as  decidedly  ascertained,  yet  two  distinct  species 
may  really  exist.  Thus  in  regard  to  the  surface  of  adhesion,  some 
columnar  joints  display  numerous  radiating  strisd  proceeding  imme- 
diately  from  the  alimentary  canal  to  the  circumference  (figs.  6  to  10); 
other  joints  (figs.  1  to  5)  have  only  a  narrow  stiiated  rim  with  a 
smooth  central  area ;  and  again  some  columns  (figs.  11  to  15)  are 
formed  of  joints  of  uniform  thickness,  from  some  of  which,  occa- 
sionally, several  side-arms  proceed;  whilst  other  columns,  particularly 
those  from  Mitcheldean,  are  formed  of  joints  alternately  thicker  and 
thinner,  smaller  and  larger,  much  contracted  at  their  margin  of  mutual 
adhesion.  In  these  every  second  or  fourth  joint  is  considerably 
thicker,  showing  at  its  circumference  five  or  six  tubercles,  which 
render  it  angular  and  its  surface  waved,  to  which  the  joints  above 
and  below  conform."  It  is  therefore  clear  that  Miller  detected  some 
points  of  difference  in  the  specimens  from  the  Forest  of  Dean  compared 
with  those  from  other  localities.  With  regard  to  the  striae,  T  think 
he  attaches  too  much  importance  to  them ;  they  are  simply  striations 
on  the  articular  faces  of  the  stem-joints,  and  the  features  pointed  out 
by  Miller  are  due  to  the  particular  portion  preserved  or  examined. 
With  regard  to  the  joints  themselves,  these  are  features  which  are  of 
importance,  and  though  Miller  only  considered  them  of  sufficient 
note  to  possibly  justify  a  different  species,  it  is  probable  that  further 
investigation  may  prove  that  the  fossil  is  wrongly  referred  to  the 
genus  Rhodocrinm.  Having  doubts  regarding  the  specimens  which 
I  had  collected,  I  sent  them  to  Dr.  P.  Herbert  Carpenter,  F.R.S.,  and 

^  <<  Miller's  Crinoidea,"  1821,  ModocrmiUt,  plate  2,  figs.  17, 18, 19,  p.  107. 
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asked  his  opinion  on  them.  He  kindly  wrote  me  as  follows :  "  I  think 
your  pentagonal  stem-joints  may  not  improbably  be  identical  with  those 
figured  by  Miller  on  plate  2  of  Ehodocrinus,  figs.  17-22,  but  I  have 
great  doubts  whether  they  can  be  properly  referred  to  Bhodocrinus,** 

The  microscopic  section  shown  in  Fig.  1  appears  to  throw  some 
light  upon  the  apparent  pentagonal  joints.  The  central  object  re- 
presents one  of  them  sarronnded  by  a  circular  margin.  It  is  there- 
fore possible  that  some  of  these  Crinoids  -have  a  pentagonal  centre, 
and  that  it  is  this  central  portion  which  is  represented  on  PL  XY. 
Fig.  12.  I  have  shown  my  specimens  to  Mr.  R.  Etheridge,  jun.,  who 
informs  me  that  he  has  observed  the  same  thing  in  some  Crinoids 
which  have  come  under  his  notice. 

PoLTZOA. — The  specimens  of  Polyzoa  were  sent  to  Mr.  John 
Young,  Curator  of  the  Hunterian  Museum,  Glasgow,  who  kindly 
examined  them  for  me.  Though  the  Polyzoa  occur  in  such  large 
numbers  in  the  crinoidal  bed,  Mr.  Young  has  only  been  able  to  detect 
two  genera  and  species,  namely,  Bhcibdomeson  (Millepora)  gracHe 
(PhilL),  and  Fenestella  tuberculocarinata  (Etheridge,  jun.). 

MiTOHELDBANiA  NiOHOLSONi,  gen.  ct.  sp.  nov.  (Plate  XIV.  Fig.  6). 
— ^I  have  referred  the  specimens  of  this  organism  to  Mr.  John  Young, 
Dr.  Hinde,  Professor  Nicholson  of  Aberdeen,  and  to  Mr.  Robert 
Etheridge,  jun.,  all  of  whom  have  kindly  examined  them,  but  are 
unable  to  recognize  them  as  identical  with  any  known  form.  I  have, 
therefore,  determined  to  describe  and  figure  it  as  a  new  provisional 
genus  under  the  name  o{  Mtteheldeania,  after  the  locality  (Mitcheldean) 
near  which  I  found  it.  To  Professor  Nicholson  I  am  especially 
indebted  for  assistance  in  examining  the  fossil,  but  he  is  in  no  way 
committed  to  any  of  my  remarks  in  reference  to  it  As  a  slight 
acknowledgment  of  Professor  Nicholson's  assistance  and  appreciation 
of  his  work  generally,  I  propose  to  name  the  first  species  of  the 
genus  NichoUoni.  In  working  out  this  organism  I  have  been  placed 
at  a  disadvantage  in  not  being  able  to  separate  reliable  specimens 
from  the  matrix,  on  account  of  the  nature  of  the  rock  in  which  the 
fossil  occurs ;  the  determination,  therefore,  has  been  chiefly  arrived 
at  from  microscopic  slides. 

The  organism,  Fig.  6,  consists  of  a  series  of  concentrically  arranged 
layers,  or  laminaB,  penetrated  by  systems  of  tubuli  which  become 
more  minute  and  numerous  in  the  central  series  of  laminae.  The 
tubuli  are  separated  by  the  skeleton  fibre,  which  is  itself  penetrated 
by  a  minute  canal  system.  There  are  also  other  tubuli  of  larger 
size  than  are  seen  in  the  inner  laminaB,  which  appear  first  in  the  third 
series,  and  become  more  numerous  outwards.  The  skeleton  fibre 
is  also  penetrated,  in  places,  by  centres  of  growth  made  up  of 
concentrically  arranged  minute  tubuli,  resembling  the  series  which 
constitute  the  nucleus  of  the  entire  organism.  At  the  base  there 
is  a  peduncle  which  probably  served  for  attachment. 

Conclusions. — Miicheldeania  Nichohont,  then,  was  an  organism  the 
structure  of  which  consisted  of  a  series  of  concentrically  arranged  layers 
penetrated  by  two  systems  of  tubuli,  the  larger  measuring  -003  and 
the  smaller  '001  of  an  inch  in  diameter.  The  latter  were  probably 
filled  with  living  matter,  and  the  larger  I  regard  as  zooidal  tubes.    I 
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would  refer  this  organism  to  the  HydraotinidiB,  and  as  allied  to  the 
Stromatoporoida.  Professor  Nicholson  is  himself  struck  with  the 
similarity  of  the  stmctare  to  certain  Stromatoporoids,  hut  remarks  that 
he  is  not  aware  of  any  which  have  so  minute  a  canal  system  of  precisely 
the  same  nature ;  and  that  if  it  he  referable  to  the  Stromatoporoids,  it 
would  probably  require  to  be  placed  in  a  new  genus.  Of  course  I 
am  aware  that  Stromatoporoids  have  not  before  been  noticed  in 
Carboniferous  rocks,  but  that  is  no  reason  why  they  should  not  occur. 

In  referring  MiUheldeania  Nicholsoni  to  the  Stromatoporoids,  I  do 
not  wish  to  ignore  certain  features  which  this  fossil  possesses  in  com- 
mon with  some  other  Hydrozoa.  Professor  Nicholson  called  my  at- 
tention to  Parkeria,  Carp.,  which  no  doubt  shows  structure  which  is 
also  seen  in  If.  NichoUani,  but  in  the  former  there  is  a  nucleus  con- 
stituted of  chambers  which  are  laid  end  to  end  in  a  reticulate  direc- 
tion, and  separated  by  septa.  I  have  not  detected  a  nucleus  of  this 
nature  in  M.  Nichohom. 

Another  organism  which  especially  struck  Dr.  Hinde  as  similar  to 
my  new  genus  is  Qirvanella  problemaiica,  Nich.  and  Ether.,  jun. 
Professor  Nicholson  has  kindly  sent  me  rock  specimens  containing 
that  fossil,  from  which  I  have  been  enabled  to  get  some  good  sec- 
tions. As  regards  mode  of  occurrence,  there  is  a  great  resemblance, 
and  also  in  the  concentric  lamination,  but  the  minute  structure  is 
quite  different. 

The  Cabbonifebous  Lihestoni; — or  Stage  B  of  Prof.  Hull — con- 
stitutes the  middle  division  of  the  limestone  series  in  the  Forest  of 
Dean.  Commencing  with  the  lowest  beds,  I  have  worked  upwards, 
and  in  all  that  I  have  examined,  the  slides  exhibit  the  same  structure, 
namely,  a  rock  made  up  apparently  of  very  small  calcareous  granules 
(PL  XV.  Fig.  7).  It  is  not,  however,  so  formed ;  the  key  to  the 
problem  is  PI.  XV.  Fig.  8,  in  which  we  see  the  outlines  of  a  previous 
structure,  the  whole  having  undergone  complete  change  and  been 
replaced  by  crystalline  material.  The  granular  appearance  is  due 
to  the  small  crystals  and  possibly  large  ones  which  have  cracked  or 
split  up  into  fragments.  As  to  what  the  replacing  mineral  is,  the 
following  chemical  analysis  will  enable  us  to  judge,  llie  sample 
was  taken  from  the  centre  of  the  formation,  and  though  one  analysis 
cannot  be  said  to  prove  the  composition  of  the  whole  360  feet  of 
strata,  yet  I  believe  it  to  be  typical  of  at  least  a  large  portion. 

In  making  the  analysis  I  was  assisted  by  Mr.  W.  E.  Wiltshire, 
F.C.S.     As  it  is  important,  I  will  state  it  in  two  forms : 


I. 

II. 

Moistnro          ...        ... 

•02 

Moisture 

•02 

Organic  matter 

617 

Organic  matter 

6-17 

Carbonic  acid 

...      44-01 

Insoluble  Keeidue         

106 

Insoluble  Residue 

1-06 

Carbonate  of  Iron        

101 

Soluble  Silica 

•10 

Soluble  Silica 

•10 

Ferrous  Oiide 

•63 

Carbonate  of  Lime        

6400 

Lime     

...      80-24 

Carbonate  of  Magnesia 

Carbonate  of  Soda  with  trace  of 

8719 

Magnesia         

8o&     

...       17-60 

•26 

chlorine          

•43 

99-98 


99-98 
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The  foregoing  analysis  shows  the  limestone  to  be  dolomitized,  the 
oarbonate  of  magnesia  being  as  high  as  37  per  cent  Of  this  I  shall 
treat  further  under  the  head  of  chemistry. 

The  Uppsb  Limestone  Sebies. 

This  series  consists  of  two  varieties  of  limestone  locally  termed 
the  "  Crease  "  .and  "  Whitehead."  The  former  occupies  the  lower 
horizon  of  the  two. 

The  Crease  (PI.  XV.  Fig.  9). — ^The  samples  which  I  have  examined 
show  an  unusually  coarse  structure  due  to  the  size  of  the  calcareous 
fragments  of  which  the  limestone  is  made  up.  The  origin  of  these 
calcareous  fragments  is  somewhat  obscure,  but  I  have  detected  among 
them  undoubted  remains  of  Crinoids.  The  grains  are  closely  com- 
pressed, reminding  one  of  the  structure  of  arenaceous  grits ;  the 
rock  is,  indeed,  a  calcareous  grit 

The  ''WhiUhead"  Limestom.'— The  "Whitehead"  follows  the 
''  Grease,"  and  is  represented  by  an  interesting  series  of  beds  from 
which  I  have  selected  the  following  as  typical. 

No,  1  (PI.  XV.  Fig.  11). — Oolitic  limestone,  from  a  thickness  of 
about  forty  feet.  The  granules  measuring  from  '007  to  '018  of  an  inch 
in  diameter.  The  nuclei  are  generally  destroyed,  leaving  an  open 
space.  The  spaces  between  the  granules  are  often  wide  and  are 
filled  with  oalcite. 

No.  2, — A  concretionary  limestone  from  a  bed  three  feet  thick. 
Contains  the  valves  of  Ostracoda,  spines  of  Productua  and  angular 
grains  of  quartz.  There  are  also  present  circular  rings  as  large  as 
*005  of  an  inch  in  diameter,  and  are  a  conspicuous  feature  in  the 
rock. 

No.  3. — From  a  bed  made  up  of  concretionary  nodules,  as  large  as 
an  inch  in  diameter,  and  calcareous  sand.  Microscopic  sections  of 
the  nodules  reveal  the  remains  of  a  variety  of  organisms,  but  all 
badly  preserved. 

No.  4. — This  is  a  very  interesting  bed,  and  makes  a  beautiful  object 
under  the  microscope  (PL  XV.  Fig.  12).  The  rock  is  made  up  of  the 
remains  of  a  spiral  shell,  of  Foraminifera,  Ostracoda,  Polyzoa,  and 
obscure  calcareous  fragments,  the  whole  being  cemented  together  by 
clear  calcite. 

No.  5  (PI.  XV.  Fig.  10). — A  peculiarly  white  limestone,  which 
gave  the  following  analysis : — 


Insoluble  residue  (sand)         

Organic  matter  

Water  

Carbonate  of  Lime      

Carbonate  of  Iron       

Soluble  Silica  

Carbonate  of  Magnesia  

Alkalies  

Pbosphate  and  Sulphate  of  Lime,  and  loss 


2.96 

6-94 

1-40 

86-56 

•46 

•01 

•84 

1-06 

•78 


100-00 
Sections  of  the  limestone  show  it  to  be  largely  made  up  of  the 
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remains  of  Ostraooda,  among  which  Professor  Jones  has  distinguished 
Leperditia  and  Cyiherella,  but  as  we  have  not  been  able  to  separate 
any  from  the  matrix,  the  species  have  not  been  determined.  In 
addition  to  Ostraooda,  the  rock  contains  remains  of  Foraminifera 
badly  preserved,  also  occasional  Polyzoa,  and  the  spines  (and  possible 
shell  fragments)  of  Froduetus, 

Qemeral  Yisw  of  Thb  TJppeb  Limestones. 
The  beds  of  the  Upper  Limestones  indicate  a  return  of  conditions 
not  unlike  those  which  existed  at  the  time  of  the  deposition  of  the 
Lower  Limestone  Shales.  At  the  period  of  the  latter,  the  Carbon- 
iferous Limestone  was  about  to  commence;  at  the  period  of  the 
former,  it  was  near  to  its  close,  and  the  great  Coal  epoch  was 
soon  to  dawn.  From  what  I  have  said  respecting  the  changes  which 
the  beds  of  stage  B,  or  the  Carboniferous  Limestone  proper,  have 
undergone,  it  is  difficult  to  say  what  fossils  they  contained  or  what 
organisms  contributed  to  the  formation  of  the  limestone ;  but  in  the 
Upper  Limestones  we  get  a  return  of  life  similar  to  that  which  con- 
tributed so  largely  to  the  Lower  Limestones.  I  therefore  contend 
that  I  am  justified  in  forming  a  separate  di virion  of  the  Upper  Lime- 
stones. If  I  am  not,  then  there  is  no  justification  for  making  a 
separate  division  of  the  Lower  Limestone  Shales. 

Chbmistby. 

As  in  the  case  of  limestones  generally,  the  Lower  and  Upper  series 
have  been  consolidated  by  the  deposition  of  calcite  in  the  vacant 
spaces  between  the  organisms  and  other  calcareous  fragments.  With 
regard  to  the  Carboniferous  Limestone,  that,  too,  undoubtedly 
originated  from  calcareous  organisms,  but  a  subsequent  change 
occurred  which  replaced  the  onginal  structure  with  magnesia  and 
possibly  some  calcite.  I  am  not  aware  that  dolomitization  in  the 
Carboniferous  rocks  of  the  Forest  of  Dean  has  before  been  noticed, 
but  it  has  in  other  localities.  Mr.  Sorby,  F.R.S.,  states*  that  "in 
Derbyshire  and  elsewhere  some  of  the  beds  are  almost  pure  dolomite. 
As  far  as  can  be  judged  from  their  structure,  they  may  have  been 
normal  limestones  completely  changed  after  deposition,  and  cer- 
tainly do  enclose  dolomitized  shells,  Corals,  and  Encrinites."  The 
late  Professor  Harkness  called  attention  to  the  same  thing  in  a 
paper*  "On  the  Jointing  in  the  Carboniferous  and  Devonian  Rocks 
in  the  district  around  Cork  and  on  the  Dolomite  of  the  same  district** 
The  limestone  referred  to  by  Professor  Harkness  has  undergone 
considerable  jointing,  which  he  considered  to  be  a  factor  in  the  pro- 
cess by  which  those  particular  beds  became  dolomitized.  He  says :' 
"The  whole  aspect  of  the  Carboniferous  dolomites  of  Cork  and 
Kilkenny  leads  to  the  inference  that  certain  changes  have  been 
effected  on  previously  existing  masses  of  carbonate  of  lime ;  and 
the  general  parallelism  which  occurs  between  these  dolomites  and 

"  Quart.  Joum.  Geol.  Soc.  Proc.  1879,  toI.  xxxt.  p.  87. 

*  Quart  Joum.  GeoL  Soc.  vol.  xv.  p.  86. 

•  Quart.  Joum,  GeoL  Soc.  yol.  x?.  p.  103. 
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the  main  joints,  and  also  the  intimate  connexion  which  exists  between 
them,  supports  the  conclusion  that  the  change  was  produced  after 
the  operation  of  those  forces  which  gave  rise  to  the  phenomena  of 
joints."  Professor  Harkness  attributes  the  dolomitization  to  the  sea- 
water  finding  its  way  into  the  joints  and  fissures  of  the  limestone 
when  submerged.  In  the  case  of  the  Forest  of  Dean,  however,  the 
amount  of  jointing  would  not  be  sufficient  to  produce  such  effects, 
in  the  presence  of  sea- water,  as  Professor  Harkness  speaks  of  in  the 
district  of  Cork.  That  sea-water  was  the  agent  which  supplied 
the  magnesia  I  do  not  agree.  Professor  J.  D.  Dana  states  ^  that 
"  analyses  of  the  Coral  Limestone  of  the  elevated  coral  island  Matea, 
by  Professor  B.  Silliman,  jun.,have  determined  the  singular  fact  that, 
although  the  Corals  themselves  contain  very  little  carbonate  of  mag- 
nesia, magnesia  is  largely  present  in  some  specimens  of  the  rock. 
It  affords  on  analysis,  38*07  per  cent,  of  carbonate  of  magnesia,  and 
hence  only  61-93  of  carbonate  of  lime.  .  .  .  This  introduction  of 
magnesia  into  the  consolidating  submerged  coral-sand  or  mud,  has 
apparently  taken  place  (1)  in  sea-water  at  the  ordinary  temperature  ; 
and  (2)  without  the  agency  of  any  mineral  waters  except  the  ocean. 
But  the  sand  or  mud  may  have  been  that  of  a  contracting  and 
evaporating  lagoon,  in  which  the  magnesia  and  other  salts  of  the 
ocean  were  in  a  concentrated  state."  Looking  at  the  fact  that  the 
Carboniferous  Limestone  in  the  Forest  of  Dean  was  undoubtedly 
originally  formed  by  accumulations  of  the  remains  of  organisms, 
seems  to  me  to  be  against  the  lagoon  theory.  Had  the  strata  been 
deposited  under  conditions  of  concentrating  waters,  I  fail  to  see 
how  the  organisms  could  have  lived  in  so  bnny  a  solution.  In 
endeavouring  to  arrive  at  a  solution  of  the  problem,  there  are  two 
details  which  must  be  considered.  (1)  The  beds  of  the  Carbon- 
iferous Limestone  are  not  mixed  with  argillaceous  strata;  those 
of  the  Lower  and  Upper  Limestone  series  are.  (2)  The  proportion 
of  insoluble  residue  (sand)  in  the  Carboniferous  Limestone  is  small. 
These  two  facts  seem  to  indicate  that  either  there  was  deep 
water  at  a  distance  from  land,  too  far  for  much  sediment  to  he 
carried,  or  else  a  lagoon  existed.  My  objection  to  the  lagoon 
theory  has  already  been  stated,  and  I  think  the  evidence  is  in 
favour  of  deep  water  some  distance  from  land.  But  in  what  way 
would  this  solve  the  problem  of  the  formation  of  dolomite  in  the 
Carboniferous  Limestone  ?  We  must  consider  the  fact  that  in  the 
Lower  and  Upper  Limestones  there  are  argillaceous  beds;  these 
latter  are  less  numerous  in  the  former  than  in  the  latter,  and  I  am 
informed  by  Colchester  Wemyss,  Esq.,  J.P.,  that  some  of  the  beds 
contain  a  considerable  proportion  of  magnesia.  The  effect  of  these 
argillaceous  beds,  it  seems  to  me,  would  be  to  cover  the  limestone 
beneath  with  a  water-tight  stratum.  This,  however,  was  not  so  in 
the  Carboniferous  Limestone,  and  consequently  the  sea- water  would 
have  free  course  through  the  at  first  loosely  accumulated  calcareous 
remains.  That  dolomite  might,  under  such  circumstances,  result 
from    the    decomposition    of   magnesium    chloride,  and    possibly 

^  Coralf  and  Coral  Islands,  1872,  pp.  356—357. 
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magnesiam  sulphate,  we  can  readily  understand.  That  dolomite 
can  be  produced  by  the  decomposition  of  magnesiaQ  chloride  in  the 
presence  of  Iceland  spar  has  been  proved  by  Mr.  Sorby,  F.E.S.' 

EXPLANATION  OF  PLATE  XIV. 

Crinoidal  Limestone,  Lower  Limestone  Shales. 

Apparent  pentagonal  stem  joint  of  a  Crinoid,  from  the  same  bed  as  Fig.  1. 
Lower  Limestone  Shales,  contains  remains  of  Ostracoda,  occasional  Polyzoa.  &c 
Lower  Limestone  Shales,  chiefly  made  np  of  the  remains  of  Ositracoda. 

The  inflllin^  calcite  in  tiie  spaces  between  the  organisms  is  well  illustrated 

in  this  specimen. 
Lower  Limestune  Shales,  chiefly  made  up  of  minute  calcareous  fragments 

and  concretions. 
MiteheldMnf  NieJioUtii, 

PLATE  XV. 

Dolomitized  Carboniferous  Limestone. 

Dolomitized  Carboniferous  Limestone,  the  outlines  of  prerious  structure 

remaining. 
**  Crease  Limestone,*'  base  of  Upper  Limestone  Series. 
'*  Whitehead  Limestone,"  Upper  Limestone    Series,  showing  remains  ol 

Ostracoda  and  Polyzoa. 
Oolitic  Limestone,  Upper  Limestone  Series. 
Whitehead  Limestone,  another  bed,  showing  remains  of  Ostracoda,  spines  of 

I*roduetut,  etc 
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AMD   ON   THE   BaSB   OF   THE   COAL-MBASUEES.' 

By  AuBRBT  Strahak,  M.A.,  F.O.S., 
H.M.  Geological  Surrey. 

With  Appendix  I.  on  the  Igneous  Bocks  of  the  Neighbourhood,  by  Frank  Rutley, 
F.U.S.  Appendix  II.  on  the  New  Species  Olmua  Nuneatofunns  and  OhoUUt 
ffranuUUm,  by  G.  Sharmaa. 

(Communicated  by  permission  of  the  Director-General.) 

IN  a  paper  read  before  the  Birmingham  Philosopbioal  Society  in 
]  882,  it  was  announced  by  Professor  Lap  worth  that  the  dis- 
covery of  fossils  in  some  shales  underlying  the  productive  Coal- 
measures  of  Warwickshire,  and  coloured  on  the  Geological  Survey 
Map  as  Co£d- measures,  proved  that  these  shales  must  be  of  Cambrian 
age  (Lower  Silurian  of  the  Geological  Survey).*  As  the  true  age 
of  these  shales  had  for  many  years  been  a  debateable  question, 
Professor  Lapworth's  discovery  was  of  considerable  interest,  and 
has  led  to  an  important  alteration  being  made  in  the  map,  the  sup- 
posed Lower  Coal-measures  and  Millstone  Grit  having  both  been 
now  relegated  to  the  Lower  Silurian  (Lingula  Flags).  It  may 
be  of  interest,  before  entering  on  the  description  of  these  beds,  to 
trace  shortly  the  history  of  the  error  in  their  classification.  . 
llie  first  notice  referring  to  the  older  rocks  of  Warwickshire  that 

*  Quart.  Joum.  Geol.  Soc.  Proc.  1879,  vol.  mv.  p.  73. 

•  Read  before  Section  C.  (Geology),  British  Association,  Birmingham,  Sent.  2, 1886. 
'  The  nomenclature  of  the  Geolo^cal  Survey,  according  to  which  tne  lingult 

Flags  are  included  in  the  Lower  Silurian,  will  be  used  throughout  this  paper. 
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appeared  in  the  pablioations  of  the  G^eological  Society  is  a  paper  on 
the  occurrence  of  manganese  near  Hartshill.^  The  ore  is  described 
as  occurring  in  detached  pieces  weighing  from  one  to  sixty  pounds 
each,  and  distributed  through  a  red  clay,  which  chiefly  forms  the 
soil  of  the  neighbourhood. 

In  1822  the  rocks  in  which  the  ore  occurred  were  referred  to  as 
Coal-shale  and  Millstone  Grit  by  Conybeare  and  Phillips.*  In  1829 
the  Eev.  James  Yates  ■  pointed  out  the  resemblance  of  the  Hartshill 
quartzite  to  that  of  Bromsgrove  Lickey,  and  gave  a  most  accurate 
account  of  the  overlying  shales  and  the  intrusive  character  of  the 
volcanic  rocks,  concluding  that  the  quartzite  and  shales  must  be 
considered  of  Silurian  age.  In  1855  the  Geological  Survey  Map 
(63  S.W.)  was  published,  and  was  followed  in  1859  by  the  Memoir  on 
the  Geology  of  the  Warwickshire  Coal-field,  Sir  R.  Murchison  being 
Director-General.  In  these  publications  the  quartzite  was  referred 
to  the  Millstone  Grit,  and  the  overlying  shales  to  a  lower  or  unpro- 
ductive subdivision  of  the  Coal-measures.  The  reasons  for  which 
this  classification  was  adopted  are  given  on  p.  8  of  the  Memoir.  The 
quartzite  "  has  an  average  dip  to  the  south-west  at  an  angle  of  from 
30°  to  40°,  passing  under  the  ordinary  Coal-measures  which  lie  con- 
formably upon  it.  No  fossils  have  ever  been  found  in  it,  and  from 
the  strong  resemblance  it  bears  to  the  quartz-rock  of  Bromsgrove 
Lickey,  it  was  formerly  classed  as  part  of  the  Silurian  series ;  but 
from  the  fact  of  the  complete  conformity  of  the  Coal-measures  upon 
it,  and  the  occasional  streaks  of  Coal-measure-looking  shale  with 
which  it  is  banded,  the  evidence  is  more  in  favour  of  its  belonging 
to  the  Carboniferous  formation."  This  conclusion  was  not  arrived 
at  without  anxious  deliberation.  The  late  Prof.  Jukes  and  Mr. 
Howell  were  in  favour  of  retaining  the  beds  in  the  Silurian  series, 
while  Sir  A.  Ramsay  (at  that  time  Local  Director),  in  consideration 
of  the  perfect  conformity  between  the  quartzite  and  overlying  shales, 
and  of  the  apparent  conformity  between  the  shales  and  the  productive 
Coal-measures,  was  of  opinion  that  they  must  be  included  in  the 
Carboniferous  series.  The  views  of  Prof.  Jukes  are  given  in  the 
Memoir  on  the  South  Staflfordshire  Coal-field  (Memoirs  of  the  Geolo- 
gical Survey),  2nd  edition,  1869,  p.  134.  After  speaking  of  the 
gentle  westerly  dip  which  the  Silurian  strata  of  the  South  Stafibrd- 
shire  Coal-field  had  assumed  before  the  deposition  of  the  Coal- 
measures,  he  continues :  ''  That  this  gradual  rise  to  the  east  was 
continued  yet  further  in  that  direction  beyond  the  bounds  of  our 
district  is  rendered  probable  by  the  fact  of  rocks  still  older  than  the 
Upper  Silurian  (perhaps  older  than  any  Silurian)  appearing  in  the 
Warwickshire  and  Leicestershire  coal-fields,  with  the  Coal-measures 
resting  directly  upon  them."     Previously  (pp.  80,  81,  fig.  11),  he 

'  Notice  on  the  Black  Oxide  of  Manganese  of  Warwickshire,  by  8.  Parkes, 
Trans.  Geol.  Soc.  series  2,  yol.  i.  p.  168,  1824  (read  1821J. 

*  Outlines  of  the  Geology  of  England  and  Wales,  by  tne  Rey.  W.  D.  Conybeare 
and  W.  Phillips,  book  iii.  cnap.  iii.  p.  406,  and  chap.  y.  p.  466. 

'  On  the  Stractnre  of  the  Border  Country  of  Salop  and  North  Wales,  etc..  Trans. 
GeoL  Soc.  series  2,  yol.  ii  p.  237,  1829  (read  in  1824). 
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had  figured  and  described  a  seotion  near  Dudley,  in  which  the  Coal- 
measures  were  seen  resting  on  Silurian  shale,  both  being  nearly 
horizontal,  but  the  unconformity  being  shown  by  the  fact  of  iLo 
Coal-measures  abutting  against  a  small  cliff  of  Silurian  shale  at  one 
part  of  the  section.  "  From  this  very  instructive  instance  we  learn 
generally  how,  with  perfect  apparent  local  conformability,  there  may 
be  still  on  the  large  scale  a  very  great  amount  of  unoonformabilit  j 
between  two  formations."  From  these  statements  it  is  quite  clear 
that  Prof.  Jukes  had  fully  grasped  the  true  relation  borne  by  the 
Warwickshire  quartzite  and  shales  to  the  overlying  Coal-measures. 

In  1879,  the  results  of  a  microscopic  examination  of  the  intrusive 
Diorites  were  described  by  Mr.  Allport,*  who  accepted  the  conclusion 
of  the  Carboniferous  age  of  the  rocks,  and  it  was  not  until  the  year 
1882  that  the  discovery  of  fossils  in  the  shales  by  Prof.  Lap  worth  • 
finally  disposed  of  the  possibility  of  the  beds  being  of  Carboniferous 
age,  and  established  the  correctness  of  the  earlier  view  that  the 
quartzites  with  the  overlying  shales  were  of  Silurian  age.  This 
being  the  case,  it  was  evident  that  the  base  of  the  Coal-measures 
had  yet  to  be  found,  and  traced  upon  the  map,  and  for  the  purpose 
of  doing  this  I  received  instructions  to  proceed  to  the  district  in  the 
spring  of  this  year. 

This  task  was  rendered  far  easier  than  it  would  otherwise  have 
been  by  Professor  Lapworth's  kindness  in  placing  freely  before  me 
the  results  of  his  own  observations  on  the  Silurian  rocks,  and  on 
their  relations  to  a  still  older  volcanic  series  beneath,  one  of  the 
most  valuable  of  these  results  being  his  discovery  of  fossils  at 
different  horizons,  ranging  from  near  the  top  to  near  the  bottom  of 
the  shales.  For  the  resemblance  of  the  Silurian  shales,  and  espe- 
cially of  some  soft  nearly  black  bands,  to  Coal-measures  is  so 
striking,  that  in  the  absence  of  such  fossil  evidence  the  di£Qcnlty  of 
separating  them  would  have  been  greatly  increased.  Not  only  are 
the  Silurian  shales  entirely  uncleaved,  and,  except  in  the  immediate 
neighbourhood  of  the  intrusive  igneous  rocks,  very  little  altered, 
but  their  dip  agrees  very  closely  both  in  amount  and  direction  with 
that  of  the  Coal-measures,  especially  in  the  southern  part  of  the 
district      The  clue  once  provided,  however,  it  became  easy  to  see 

(1)  that  the  conformability  of  the  shales  with  the  Coal-measures  is 
apparent  only,  there  being  in  reality  such  evidences  of  discordance 
as  might  be   expected   between  rocks  so   very   different  in  age; 

(2)  that  the  Coal-measures  are  based  by  an  impersistent  bed  of 
sandstone  containing  pebbles  of  quartzite  and  of^the  local  rocks, 
bearing  evidence  (as  in  South  Staffordshire)  of  having  been  deposited 
in  the  hollows  of  a  floor  of  gently  inclined  Silurian  strata ;  while 

(3)  it  became  clear  that  the  intrusive  igneous  rocks  are  entirely  of 

1  On  the  Diorites  of  the  Warwickflhire  Coal-field,  Quart.  Jonm.  Geol.  Soc.  vol. 
XXXV.  p.  637,  1879. 

2  On  the  Discovery  of  Cambrian  Rocks  in  the  Neighbourhood  of  Birmingham, 
Gbol.  Mao.  New  Series,  Dec.  II.  Vol.  IX.  p.  663,  1882  (reprinted  from  ihe 
Ptoc.  Binningham  Phil.  Soc.  vol.  ill.  p.  234).  See  also  Geol.  Mao.  New  Series, 
Dec.  III.  m  III.  p.  319,  1886. 
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pre-Carboniferous  age,  and  do  not  affect  the  Coal-measures  in  any 
way  whatever. 

The  total  thickness  of  the  Coal-measures,  as  now  shown,  amounts 
to  between  600  and  700  feet,  in  place  of  about  3000,  as  previously. 

It  will  be  convenient  in  describing  these  rocks  to  take  them  in 
order  of  age,  beginning  with  the  southern  end  of  the  range  of  each 
formation. 

The  Caldecote  Series, 

The  oldest  rocks  are  found  near  Caldecote,  rising  from  beneatli  the 
quartzite  on  the  north-east  side  of  the  range  of  low  hills,  which  this 
rock  forms  between  Nuneaton  and  Hartshill.  They  are  referred  to 
by  Professor  Lapworth  as  the  Caldecote  Volcanic  Series,  and  consist, 
as  he  pointed  out  to  me,  of  a  finely-laminated  rock,  probably  a  tuff, 
with  intrusions  of  diabase  and  quartz-porphyry.'  There  are  very 
few  exposures  of  these  beds.  About  a  quarter  of  a  mile  east  of 
Caldecote  Windmill,  there  is  an  abandoned  quarry  known  as  the 
*  Blue  Hole,'  from  which  paving  cubes  were  formerly  obtained. 
The  rock  in  request  was  the  diabase,  but  the  workings  on  the  north 
side  intersected  quartz- porphyry,  which  had  been  intruded  into,  and 
contained  fragments  of,  a  highly  altered  fine-grained  ash.  The 
diabase  with  a  sharply -defined  line  of  separation  is  found  in  the  side 
of  the  quarry  above  the  quartz-porphyry.  Its  intrusion  is  con- 
sidered by  Professor  Lapworth  to  have  taken  place  subsequently  to 
that  of  the  quartz-porphyry.'  The  tuff  has  been  found  again  by 
Professor  Lapworth  in  the  entrance  to  an  old  tunnel  100  yards  west 
of  Caldecote  Hill,  where  the  presumed  bedding-planes  have  a  dip 
25^  to  30^  in  the  same  direction  as  the  quartzite,  that  is,  about 
south-west  The  further  extension  of  these  beds  is  inferred  from 
the  occurrence  of  fragments  in  the  soil,  and  from  the  position  of  the 
overlying  conglomerate,  which  will  now  be  described. 

The  Rarishill  Quartzite. 

The  Hartshill  quartzite  extends  from  the  Midland  Station  at  Nun- 
eaton to  half  a  mile  north  of  Hartshill,  with  a  steady  dip  to  the 
south-west  of  from  25°  to  45^.  The  whole  series  can  be  seen  in  the 
series  of  immense  quarries  in  which  it  is  worked  for  road-metal. 
The  base  of  the  quartzite  is  a  coarse  stratified  conglomerate  or  breccia, 
containing  fragments  of  the  underlying  Caldecote  series,  some  of  the 
fragments  ranging  up  to  the  size  of  hsJf  a  brick,  as  was  pointed  out 
to  me  by  Prof.  Lapworth.  The  base  is  seen  in  the  cutting  by  which 
Boon's  Quarry  is  entered,  about  one-third  of  a  mile  south-east  of 
Caldecote  Windmill.  The  quartzite  becomes  coarse  in  grain  towards 
the  base  and  passes  into  a  grit  made  up  of  small  rounded  grains  of 

1  These  rocks  were  referred  to  by  Sir  Andrew  Ramsay  in  his  evidence  given 
before  the  Coal  Commissioners  as  being  of  doubtful  origin  (Report  of  Coal 
Commission,  vol.  ii.  p.  470).  EventuallT  from  the  limited  nature  of  the  exposures, 
and  the  small  advance  that  petrograph]r  had  made  at  the  time  of  the  publication  of 
the  map,  they  were  included  in  the  index  with  the  intrusive  diorites  under  the 
general  name  of  greenstone. 

s  Gbol.  Mao.  for  1886,  p.  820. 
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qaartz  and  other  rooks.  This  grit  rests  on  the  greenish  and  purplish 
coarse  conglomerate  or  hreccia  mentioned  ahove.  A  hotter  exposure 
of  the  lower  heds  is  found  in  the  entrance  to  a  quarry  half  a  mile 
south-east  of  HartshilL  There  there  occur  in  the  quartzite  thin 
hands  of  intrusive  igneous  rocks  much  decomposed.  The  lower  heds 
of  the  quartzite  consist  of  hands  of  oonglomeratic  grit,  well  hedded 
and  split  up  with  shaly  partings,  and  strongly  impregnated  with. 
manganese.  The  conglomerate  is  seen  for  a  thickness  of  more  than 
eight  feet,  hut  the  actual  hase  is  not  exposed.  There  are  also  a  few 
conglomeratic  hands  higher  up  in  the  quartzite,  with  pebhles  ranging 
up  to  half  an  inch  in  diameter. 

I  may  remark  here  that  the  Blue  Hole  and  both  the  sections  in 
which  the  basement  conglomerate  is  exposed  have  been  opened  since 
the  original  survey  of  this  district  was  made,  and  that  it  was  there- 
fore  almost  impossible  at  that  time  to  determine  the  nature  of  the 
rock  beneath  the  quartzite,  and  its  relation  to  this  formation.  The 
true  nature  of  the  Caldeoote  Series  and  of  the  basement  conglomerate 
of  the  quartzite  was  first  detected  by  Prof.  Lapworth. 

The  great  mass  of  quartzite  overlying  this  basement  conglome- 
rate is  an  intensely  hard  fine-grained  siliceous  rock,  in  which  the 
original  sand-grains  are  so  closely  cemented  together  by  silica  as  to 
have  almost  lost  individuality.  The  rock,  however,  is  well  bedded, 
and  contains  thin  bands  of  green  or  purplish  shales.  It  is  used  most 
extensively  for  road-metal,  and  nearly  the  whole  series  of  beds  is 
exposed  in  one  or  other  of  the  great  quarries.  The  quartzite  is  also 
traversed  by  sheets  of  intrusive  igneous  rooks,  ranging  from  3  to 
over  100  feet  in  thickness,  and  following  the  bedding  with  remark- 
able regularity.  The  igneous  rooks  are  usually  quite  decomposed  to  a 
depth  of  from  80  to  40  feet  from  the  surface,  especially  when  in  thin 
beds.  They  are  locally  known  among  the  quarrymen aa  "Dun Dick," 
and  when  sufficiently  fresh  are  "  cut "  (broken  to  size)  into  paving 
cubes.  The  price  of  the  quartzite  road-metal  is  d«.  a  ton  when 
broken  to  size.  I  was  informed  that  a  prepared  cubic  inch  of  quart- 
zite crushed  at  a  pressure  of  24,000  lbs.  to  the  square  inch,  the 
igneous  rocks  yielding  at  between  11,000  and  12,000  lbs.  to  the 
square  inch. 

A  good  exposure  of  one  of  these  intrusive  sheets  is  found  in  the 
Midland  Company's  Quarry  at  Nuneaton  Midland  Station.  The 
quarry  is  principally  in  this  thick  sheet,  the  eastern  part  only  being 
in  quartzite.  The  jointing  of  the  igneous  rock,  which  at  a  distance 
resembles  bedding,  is  nearly  at  right  angles  to  the  bedding  of  the 
quartzite,  that  is,  perpendicular  to  the  plane  along  which  the  melted 
rock  has  been  injected.  In  this  quarry  the  basement-bed  of  the  New 
Bed  Sandstone  may  be  seen  lying  across  the  edges  of  the  quartzite 
and  igneous  rock,  as  will  be  described  subsequently.  Another  great 
sheet  is  seen  in  the  cutting  by  which  a  quarry  on  the  east  side 
of  the  high  road,  one-third  of  a  mile  south  of  Caldeoote  Windmill, 
is  entered,  and  again  close  to  the  windmill.  This  sheet  forms  the 
boundary  up  to  which  the  old  quarries  along  the  road  were  worked. 
Most  of  the  quarries  now  worked  are  in  beds  below  this  sheet. 
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The  Stochingford  Shales. 

The  sbales  wbich  overlie  the  quartzite  occupy  a  considerably  larger 
area.  They  extend  from  a  little  south  of  Bed  worth  to  Waste  Hill, 
one  mile  and  a  half  north-west  of  Atherstone,  a  total  distance  of  nine 
miles  and  a  half.  They  are  divisible  into  two  perfectly  conformable 
subdivisions,  the  lower,  which  rests  quite  conformably  on  the 
quartzite,  being  distinguished  by  a  bright  red  tinge  and  by  the  pre- 
sence of  minute  Brachiopods  of  the  genera  lAngtUella  and  OholeUa^ 
the  upper  consisting  of  olive-coloured,  grey,  and  thin  black  shales, 
with  Agnosius  and  Olenns}  The  shales  are  fine-grained  and  laminated 
and  contain  only  a  few  harder  and  more  sandy  micaceous  bands. 
They  are  altogether  uncleaved,  and  present  so  close  a  resemblance 
to  Coal-measures,  as  to  have  led  (in  the  absence  of  fossil  evidence 
and  in  view  of  their  apparent  conformity  with  the  productive 
measures)  to  their  having  been  originally  classed  as  Lower  Coal- 
measures. 

They  are  traversed  by  very  numerous  sheets  of  intrusive  diorite, 
etc.  These  igneous  rocks  are  frequently  found  to  follow  a  bedding- 
plane  for  many  yards,  and  on  a  general  view  indicate  the  strike  of 
the  shale  very  accurately.  On  a  close  examination  it  becomes 
evident  that  the  shale  overlying  each  sheet  of  igneous  rock  is  as 
highly  altered  as  that  below,  and  that  frequently  the  igneous  rocks 
break  obliquely  across  the  beds,  or  even  swell  out  into  bosses, 
forcibly  contorting  and  thrusting  aside  the  surrounding  shales, 
lliese  facts,  indicating  the  intrusive  character  of  the  rock,  were 
clearly  recognized  by  the  Rev.  J.  Yates  in  the  year  1824. 

The  southern  termination  of  this  range  of  Lower  Silurian  shales 
is  concealed  by  Drift.  But  the  beds  seem  to  have  been  found  in  a 
colliery  shaft  at  Hawkesbury  Basin,  one  mile  south  of  Bed  worth, 
where  the  following  section  was  proved :' — 

ft.     in. 

{Bind,  rock,  and  fire-day  with  coal  and  ironstone    182    11 
Black  shale-rock  6 

White  rock-binds 1      6 

Alternations  of  hard  black  bat  and  granite- 
like  rook  in  boulders 172      9 

867  8 
Mr.  Howell  remarks  that  the  "granite-like  rock  "  was  not  a  granite, 
but  that,  not  having  seen  it  in  situ,  he  is  unable  to  say  whether  it  is 
trap  or  an  altered  sedimentary  rock.  It  seems  extremely  probable, 
however,  that  the  rock  described  as  hard  black  bat  was  the  altered 
Lower  Silurian  shale,  and  the  granite-like  rock  some  of  the  dioritic 
intrusions  which  are  so  numerous  in  this  part  of  the  shale,  as  seen 
at  Chilvers  Coton. 

The  most  southerly  exposure  is  at  Marston  Jabet  in  the  old  quarry 
in  diorite  figured  in  the  Memoir  on   p.  39,  but  the  first  surface 

*  This  subdivision  consists  of  two  zones  according  to  Prof.  Lapworth,  an  upper 
zone  characterized  by  Spharophthatmua  aiatus^  Beck.,  and  a  lower  zone  with 
Agnottui  sociaU,  TuUberg,  Geol.  Mao.  for  1886,  p.  321. 

'  The  Geology  of  the  Warwickshire  Coal-field  (Geol.  Survey  Memoir),  p.  20. 
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evidenoe  we  get  of  the  botmdary  between  the  Ooal-measnrefl  and  the 
Silurian  shales  ooours  in  the  railway  south-west  of  Gri£f  Hollow. 
The  bottom  of  the  railway  cutting  is  in  white  fireclay  with  nodules 
of  day-ironstone,  while  the  wood  on  the  east  side  is  planted  otbt 
old  excayations  in  flaggy  Silurian  shales,  lying  on  the  top  of  the 
thick  mass  of  diorite  which  is  seen  at  the  point  where  ^e  road 
crosses  the  Griff  Canal.  The  boundary  of  the  Coal-measures  is 
marked  by  a  shallow  ''  strike- valley,"  due  to  the  comparative  soft- 
ness of  the  beds. 

In  the  Chilvers  Coton  Bailway -cutting  we  get  a  dear  view  of  the 
Silurian  shales,  several  intrusions  of  diorite,  etc.,  and  of  the  base  of 
the  Coal-measures.  In  walking  from  the  station  southwards  we 
find  first  grey  shales  with  a  thin  bed  of  diorite  near  the  bridge.  A 
few  yards  south  of  the  bridge  these  shales  pass  under  a  thick  mass 
of  diorite,  which  extends  to  a  distance  of  150  yards  south  of  the 
bridge ;  there  its  base  is  fully  exposed.  It  rests  upon  shale  dipping 
normally  about  west-south-west,  but  thrown  into  contortions  imme- 
diately under  the  diorite.  The  base  of  the  diorite  is  very  straight 
and  forms  an  angle  of  25°  with  the  horizontal.  At  first  sight  it 
resembles  a  fault  of  very  low  hade,  but  it  seems  on  the  whole  more 
probable  that  its  appearance  is  due  to  the  diorite  having  broken 
through  and  across  the  shales  at  the  time  of  its  intrusion.  Faults 
are  rare  in  this  neighbourhood,  but  evidences  of  the  intrusive  charac- 
ter of  the  diorite  are  abundant  The  contortions  of  the  shale  more- 
over do  not  point  to  motion  in  any  definite  direction  along  the  line 
of  junction,  but  rather  resemble  the  foldings  produced  in  the  leaves 
of  a  book  by  pressure  straight  upon  their  edges. 

The  shales  which  lie  on  the  south  side  of  this  diorite  have  a  steady 
dip  to  W.  \(y  S.  of  about  20°— 30°.  At  90  yards  distance  from  their 
junction  with  the  diorite  just  described,  they  are  found  to  be  split 
up  by  numerous  strings  and  sheets  of  diorite  and  andesite,  ranging 
from  three  inches  to  as  many  yards  in  thickness.  These  intrusive  rocks, 
as  is  often  the  case,  follow  the  bedding-planes  very  closely,  so  as  to 
imitate  contemporaneous  lava-flows.  But  the  alteration  of  the 
shale  above,  as  well  as  below,  the  igneous  rock  is  sufficiently  marked 
to  have  determined  the  intrusive  character  of  the  diorite,  without 
the  conclusive  evidence  obtainable  in  other  sections.  The  same 
shales  occupy  the  cutting  for  a  few  yards  further,  until  we  are  sud- 
denly made  aware  of  the  fact  that  we  have  passed  the  boundary 
of  the  Coal-measures  by  the  exposure  of  a  seam  of  coal  on  the  west 
side  of  the  railway,  as  subsequently  described. 

The  Coal-measures  occupy  the  cutting  to  a  distance  of  130  yards 
south  of  the  Accommodation  Bridge,  where  the  Silurian  shales  are 
brought  to  the  surface  again  by  a  small  fault  These  shales  dip  to  the 
north-east,  and  are  highly  altered  by  the  influence  of  a  sheet  of 
diorite,  which  is  seen  in  the  cutting  to  rise  from  beneath  them  at 
45  yards  distance  from  the  fault  The  same  sheet  is  well  seen  in  a 
quarry  behind  Griff  Hollow  Farm,  and  in  the  high  road  close  by. 
The  diorites  in  this  neighbourhood  are  much  decomposed,  and  show 
spheroidal  weathering  even  in  the  thinnest  bands. 
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Another  very  admirable  section  has  been  opened  in  these  rocks, 
in  the  Midland  Railway  hetween  Nuneaton  and  Stockingford.  The 
eastern  end  of  the  cutting  is  in  red  and  grey  or  green  shales,  the  red 
tinge  being,  as  before  mentioned,  the  predominating  colour  in  the 
lower  part  of  the  Lower  Silurian  shales.  The  first  sheet  of  diorite 
is  met  with  a  few  yards  east  of  the  Accommodation  Bridge.  It  is 
about  50  feet  thick  and  contains  a  band  of  shale,  6  inches  thick,  about 
3  feet  from  the  top.  This  shale  is  of  course  highly  altered,  but  the 
shale  aboye  and  below  the  diorite  has  also  been  baked  hard  for  a 
distance  of  about  6  or  8  feet  The  top  of  the  diorite  is  seen  on  the 
south  side  of  the  cutting  and  to  the  east  of  the  bridge.  On  the  west 
side  of  the  bridge  the  overlying  beds  are  seen  to  be  pale  grey  shales 
vrith  bands  of  black  shale,  the  whole  presenting  an  appearance  very 
like  that  of  Coal-measures.  Further  to  the  west  the  shales  are  seen 
to  be  traversed  by  numerous  bands  of  diorite,  etc.,  ranging  from 
1  to  8  feet  in  thickness,  and  in  most  cases  following  the  bedding ; 
but  it  may  be  noticed  that  some  of  the  thicker  beds  thin  out  and 
reappear  very  suddenly,  while  on  the  south  side  of  the  cutting  near 
the  bridge,  a  sheet  of  diorite  cuts  across  the  beds  of  shale  at  an 
oblique  angle.  The  western  end  of  the  cutting  runs  through  pale 
fine  shales  with  an  occasional  black  band,  or  more  sandy  micaceous 
rocky  bed.  The  dip  increases  westwards  till  the  beds  become  nearly 
vertical. 

The  outcrop  of  the  Lower  Silurian  shales  throughout  the  northern 
part  of  the  district  ranges  from  one-half  to  one  mile  in  width,  and  from 
the  abundance  of  intrusive  sheets  and  masses  of  diorite  and  other 
rocks,  forms  a  prettily  undulating  country.  The  red  beds  which  lie 
next  above  the  quartzite  can  be  well  seen  in  Atherstone  Outwoods ;  in 
a  lane  forming  the  south-east  side  of  Purley  Park ;  on  the  north  side 
of  Hartshill  Heys ;  and  near  Hartshill.  They  are  interstratified 
with  pale  grey  or  olive  shales.  The  upper  part  of  the  shales  are 
grey  and  contain  dark,  almost  black,  bands,  and  are  well  exposed  at 
Oldbury  Eeservoir,  in  Monks  Park,  and  in  the  Atherstone  and 
Birmingham  high  road.  The  best  section  of  the  diorite  is  afforded 
by  the  great  quarry  at  Oldbary  Reservoir,  where  the  whole  thick- 
ness of  a  great  sheet,  with  its  junction  with  the  shales  above  and 
below,  is  clearly  seen.  The  description  of  this  and  of  the  other 
igneous  rocks  that  have  been  refened  to  has  been  written  by  Mr. 
Butley,  and  will  be  found  at  the  end  of  this  paper. 

The  following  is  a  list  of  the  fossils  which  were  collected  by  Mr. 
Bhodes,  fossil  collector  to  the  Survey,  during  the  examination  of  this 
tract.  Many  of  the  best  localities  were  pointed  out  to  me  by  Professor 
Lapworth.  The  specimens  have  been  identified  by  my  colleague, 
Mr.  G.  Sharman. 

Sponge  spicules,  Proto*p<mgia  fem^  f  Lane  on  S.  side  of  Purley  Park,  30  yards  down. 
ttrata  P,  Salt  \  Grey  shale.     1  specimen. 

Eod.Ukeb<.di«,ibmdid.orPlantef  {  ^-^q- «i^«  '^.^^^'^  "*"  *°P- 
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Rod-like  bodiee,AimeliclB  or  Plants?  | 

i»  »»  >»  { 

Annelid  markings.  | 

f>  w  I 

„      burrows  and  castings.  | 

Lictyonema  iociaUf  Salt  | 

Trilobites,  fragments  of.  | 

Aynottua,  sp.  | 

„        eyaopyg9  P,  Tnllberg.  | 

Olmus  NunsaUnmuiiy  Shar.  | 

M     sp.  I 

„     SalUri^,  Call.  | 

Lingula  lepit  ?,  Salt. 

LingitUUa  NiehoUoni,  Call.  ( 


Half  a  mile  N.W.  of  Hartahill  Castle.    Bed 

shale.    2  specimens. 
Atberstone  Outwoods,  260  yards  W.N.W.  of 

Rawn  Hill.    Red  shale.     15  specimens. 
Griff  Hollow  Farm  House.    Grey  shale.     1 

specimen. 
200  yards  S.W.  of  Mererale  Church.    Grey 

shale.     3  specimens. 
200  yards  S.W.  of  Merevale  Church.    Grey 

shale.     1 1  specimens. 
200  yards  S.W.  of  Mererale  Church.    Grey 

shale.    38  specimens. 
200  yards  W.  of  The  Mawboumes.    Grey 

uiale.    3  specimens. 
Road-cutting,  |  mile  S.  of  ChilTers  Coton. 

Grey  s^e.    3  specimens. 
Junction  of  Griff  and  Coventry  Canals.    Grey 

shale.     2  specimens. 
W.  end  of  Midland  Railway  cutting.    Grey 

shale.    82  specimens. 
W.  side  of  Railway  cutting,  300  yards  S.  of 

Chilrers  Coton  Station.  Grey  shale.  Isp. 
W.  end  of  Midland  Railway  cutting.    Grey 

shale.     2  specimens. 

Marston  Jabet.    Red  shale.    7  specimens. 
200  yards  W.  of  The  Mawboumes.      Grey 

shale.    2  specimens. 
Lane  on  S.  side  of  Puriey  Park,  30  yards  down. 

Black  shale.    47  ^ecimens. 
Lane  on  S.  side  of  Puriey  Park,  60  yards  down. 

Red  shale.     1  specimen. 
Atherstone  Outwoods,  \  mile  S.W.  of  Rawn 


{ 

\  Hill.    Red  shale.  ^  8  specimens. 

i  Lane  on  S.  side  of  Puriey  Park,  near  foot  of 

(  hill.    Red  shale.     2  specimens. 

i  Lane  on  S.  side  of  Puriey  Park,  near  top. 

(  Grey  shale.     3  specimens. 

i  200  yards  S.W.  of  Mereyale  Church.    Grey 

(  shale.     2  specim^is. 

This  list  may  be  supplemented  from  the  following  specimens 
which  haye  been  collected  from  the  Stockingford  Shales  by  rrofessor 
Lapworth,  and  identified  by  himself.^ 

1.  PXTRPLB  AlO)  ORBBN  8HALB8. 


OboUUa  grtmulatay  Shar. 

„      Sabrina  ? 
Theca,  sp. 


Agno9tu9  pmformis,  JBX^toeiaUf  Tullberg. 
Beyrichia  Angtliniy  Barr. 
Leptrditia  toeiaU^  Broner. 
LinguUUa  Nieholtoniy  Call. 

{b)  Upper  zones. 
Spharophthalmui    aiatut,     Bceck    (S, 
humilis,  Phil].). 


OboMia  tagitiaiit.  Salt. 

„       SalUri,  Holl. 
Orthii  lentieulariiy  Wahl. 
f  Lingulella  pygnuoy  Salt. 
Fi-otospongia  feneitrata^  Hicks. 
SerpulitetJUttOa,  HoU. 

2.  Black  and  grbt  shalbs. 
(a)  Lower  zones. 
Agno9tu9 pitiformit  {princepiy  Salt.). 

Nearly  all  these  fossils  occur  in  some  part  or  other  of  the  Lingnla 
Flags.    Protoapongia  feneatrata,  Salt.,  oocnrs  in  the  Harlech  Beds,  and 


Agnostui  cydopyge  P 
t  JHetyonema, 
f  Eymmocarii, 


fJtagelH/ery  Angelin. 
P,Tullbei^. 


1  This  list  was  furnished  to  me  in  MS.  by  the  kindness  of  Prof.  Lapwor^  He 
remarks  that  OboUUa  tagittaiis,  LinguleUa  pygmea,  and  X.  IfichoUoni,  may  be  all  of 
them  varieties  of  X.  lepU, 
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in  tbe  Menevian  of  South  Wales  (Mem.  €^L  Surv.  toI.  iii.  p.  472). 
Dietyonema  sodale.  Salt.,  is  found  in  the  uppermost  Lingula  Flags  in 
North  Wales  (%b.  p.  536),  in  the  Shineton  Shales  (Tremadoc)  in 
Shropshire,  and  at  Malvern  (Quart.  Joum.  Geol.  Soc.  vol.  xxxiii.). 
Agno8tu$  prineeps,  Salt,  occurs  in  the  Upper  Lingula  Flags,  and 
Tremadoo  Slate  of  North  Wales,  and  in  the  Lingula  Flags  of  South 
Wales  (Mem.  Qeol.  Surv.  vol.  iii.  p.  489),  and  OJ^us  Sal^,  Call.,  is 
common  in  the  Shineton  Shales  of  South  Shropshire  (Quart.  Joum. 
Geol.  Soa  vol.  xxxiii.  p.  666).  Lingula  lepis,  Salt.,  ranges  from  the 
Lower  Lingula  Flags  to  the  Arenig  (Mem.  Geol.  Surv.  vol.  iii.  p.  538), 
but  is  commonest  in  the  Tremadoo.  LinguleUa  Nichohonif  Call.,  and 
OboUela  Sahrina,  Call.,  are  common  in  die  Shineton  Shales  (Quart 
Joum.  Geol.  Soc.  vol.  xxxiii.). 

In  Professor  Lapworth's  list  we  find  the  following  additional 
forms :  Obolella  aagitialis,  Salt,  which  occurs  in  the  Menevian  of 
North  and  South  Wales;  0.  Salteri,  HoU,  known  in  the  Upper 
Lingula  Beds  of  Malvern ;  Orthis  lentictdaris,  Wahl.,  which  occurs 
in  the  Upper  Lingula  Flags  (Dolgelly  group  of  Belt);  Lingulella 
pygmea,  Salt,  of  the  Upper  Lingula  Flags;  Serptdites  fistula,  Holl,  from 
the  same  beds  near  Malvern;  Spharophthalmua  {Olenus)  alatuSf  Bceck, 
of  the  Upper  Lingula  Flags,  and  the  black  shales  of  Malvern ;  S. 
fiageUifer,  Angelin,  which  occurs  in  the  Lingula  Flags,  and  is 
believed  to  range  up  into  the  Tremadoo. 

It  may  be  concluded  that  the  Stockingford  Shales  belong  to  a  late 
Lingula  Flag  age,  including  possibly  a  portion  of  the  Lower  Tremadoc 
series. 

The  base  of  the  CoaUmeasureB. 

The  most  southerly  point  at  which  the  position  of  the  base  of  the 
Coal-measures  has  been  definitely  fixed  is  the  colliery  at  Hawkesbury 
Basin,  previously  alluded  to.  There  the  Silurian  rocks  (presumably) 
were  entered  at  a  depth  of  115  feet  5  inches  below  the  Bench  Coal,  the 
lowest  seam  worked  in  this  coal-field.  We  next  find  evidence  of  its 
position  in  the  rail  way-cutting  near  Grifif  Hollow,  as  has  been  described. 
But  in  the  cutting  at  Chilvers  Coton  the  junction  is  fully  exposed  to 
view.  A  coal-seam  is  seen  on  the  west  side  of  the  cutting  116  yards 
north  of  the  Accommodation  Bridge  (the  second  bridge  south  of 
Chilvers  Coton).  This  seam  is  underlain  by  three  feet  of  white 
fireclay,  which  rests  upon  about  eight  inches  of  sandstone.  On 
clearing  the  soil  from  the  base  of  this  sandstone,  it  may  be  seen  that 
it  rests  upon  soft  blue  laminated  shale,  weathering  yellow,  and 
obviously  forming  part  of  the  same  set  of  shales  in  which  the 
intruded  diorites  described  above  occur.  The  dip  of  the  Coal- 
measures  is  nearly  in  the  same  direction  as  that  of  the  ^ales,  but 
is  less  rapid,  so  that  by  clearing  a  sufficient  length  of  junction  it 
may  be  seen  that  there  is  an  actual  unconformity.  The  Coal- 
measures  occupy  the  cutting  to  a  distance  of  130  yards  south  of  the 
Accommodation  Bridge,  where  the  Lower  Silurian  shales  are  brought 
up  again  by  a  small  fault  running  about  S.  35^  E.,  the  evidence  for 
the  fault  being  the  fact  that  the  £p  of  the  Coal-measures  continues 
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to  be  southerly,  that  is,  towards  the  SOarian  shales,  close  op  to  the 
point  where  these  shales  reappear.  This  point  is  marked  by  slips 
in  both  sides  of  the  cutting,  neoeasitating  the  coYering  up  of  the 
side-drains. 

From  Ohilyers  C!oton  northwards  there  is  no  section  showing  the 
base  of  the  Goal-measnres  for  nearly  four  miles,  bnt  its  position  is 
indicated  by  the  rise  of  the  ground,  where  the  harder  Silurian  shales 
with  the  intruded  diorites  rise  to  the  surface.  There  can  be  little 
doubt  that  the  Coal-measures  rest  almost  directly  upon  the  highest 
beds  seen  in  the  Midland  Bail  way  cutting  near  Stookingford,  for  it  is 
known  that  the  workable  coal-seams  crop  out  in  the  depression  which 
lies  at  the  west  end  of  the  cutting.  They  are  not  exposed,  bnt  two 
or  three  hundred  yards  south  of  the  Accommodation  Bridge  there  is 
an  old  pit,  now  ploughed  OTer,  in  which  fragments  of  soft  Carbon- 
iferous sandstone  occur,  and  which  probably  marks  the  position  of 
the  boundary  of  these  beds.  On  following  the  boundary  northwards, 
we  find  it  marked  by  the  outcrop  of  a  seam  of  coal  in  the  bed  of 
the  stream  west  of  Camp  Hill,  the  hill  itself  consisting  of  the  shale 
with  diorites,  eta,  seen  in  the  western  part  of  the  railway  cutting. 
The  coal-seams,  which  have  been  for  the  last  two  miles  resting  dose 
upon  the  Silurian  shales,  now  begin  to  be  separated  from  them  by 
beds  which  thicken  steadily  northwards.  The  nature  of  these  beds 
is  first  seen  near  Oldbury  Hall.  A  pebbly  sandstone  dipping  gently 
to  the  west,  and  resting  with  a  marked  unconformity  on  the  Silurian 
shales,  may  be  traced  continuously  from  here  to  the  Atherstone  and 
Birmingham  high  road.  The  rock  is  seen  in  the  sides  of  a  pond  at 
Oldbury  (Farm) ;  in  the  foundations  of  the  farm  west  of  Hopwood 
Coal  Wood ;  in  a  sandpit  near  The  Mawboumes ;  and  in  some  old 
quarries  200  or  300  yards  further  west  in  the  edge  of  the  wood. 
The  rock  is  buff-coloured  or  white,  and  so  soft  as  to  be  readily 
broken  down  into  sand  by  the  use  of  a  pick.  It  is  associated  with 
some  mottled  red  and  white  clays,  which  are  exposed  in  the  brook 
near  the  south-west  comer  of  Hopwood  Coal  Wood,  and  were  found 
in  laying  the  pipes  of  the  Atherstone  Waterworks  along  the  lane 
which  passes  the  sand-pit  The  red  tinge,  however,  is  not  confined 
to  the  lowest  beds  of  the  Coal-measures,  but  may  be  seen  in  many 
of  the  fireclays  associated  with  the  workable  coal-seams.  The  sand- 
stone is  seen  again  in  the  north  part  of  Monks  Wood  in  an  old  pit 
close  to  a  small  quarry  in  diorite  and  Silurian  shale,  and  again  in  Uie 
side  of  the  bridle-path  leading  into  the  high  road,  but  from  this  point 
northwards  the  beds  which  underlie  the  coal-seams  rapidly  disappear, 
until  the  seams  come  down,  as  at  Stookingford,  close  on  top  of  the 
Silurian  shales. 

The  unconformity  between  the  Coal-measures  and  the  Lower 
Silurian  shales,  which  is  generally  masked  on  this  side  of  the  Coal- 
field from  the  accidental  parallelism  between  the  bedding  of  the  two 
formations,  is  here  very  marked.  The  dip  of  the  Coal-measures  Is 
slight,  ranging  from  6^  to  8^,  while  that  of  the  Silurian  shales  ranges 
from  20°  to  40°.  As  a  consequence  of  this  the  Coal-measures,  where 
they  extend  eastwards,  at  Mawboumes,  overlap  a  great  thickness  of 
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the  shales,  indading  two  sheets  of  igneous  rook.  The  Fre-Carbon- 
iferoiis  age  of  the  igneous  intrusions,  which  might  have  been  inferred 
from  their  absence  in  the  Carboniferous  rocks  and  abundance  in  the 
Lower  Silurian  shales,  is  thus  placed  beyond  doubt 

On  passing  Merevale  the  lower  beds  of  the  Coal-measures  again 
thicken  out  rapidly,  with  the  development  of  a  pebbly  sandstone  at 
the  base  as  before.  The  best  section  of  this  basement  bed  is  found 
in  the  Baddesley  Mineral  Railway,  but  it  may  be  traoed  from  Mere- 
vale  Brook  to  a  little  north  of  Waste  Hill. 

DosihiU. 

While  Professor  Lapworth  was  investigating  the  neighbourhood 
of  Nuneaton  and  Atherstone,  the  igneous  rocks  of  Dosthill,  on  the 
opposite  side  of  the  Coal-field,  were  visited  by  Mr.  W.  J.  Harrison, 
F.6.S.,  with  the  result  of  finding  that  shales  similar  to  those  of 
Atherstone  occurred  here  also.^  The  shales  are  first  seen  where  the 
footpath  to  Dosthill  intersects  the  road  to  the  Ford.  They  are 
immediately  overlain  by  a  pebbly  sandstone  which  forms  the  base 
of  the  Coal-measures,  and  which  may  be  traced  southwards  along  the 
west  side  of  the  lane,  through  the  churchyard  and  neighbouring  farm- 
buildings.  Immediately  to  the  south  of  the  village  this  sandstone 
thins  rapidly  out,  and  the  coal-seams  come  nearly,  if  not  quite,  into 
contact  with  the  diorite.  But  after  passing  the  most  southerly  of 
the  igneous  rocks,  this  sandstone  reappears.  There  is  no  good 
section  in  it,  but  its  course  can  be  followed  without  difficulty  across 
the  ploughed  land. 

The  shales  are  seen  in  the  side  of  the  high  road  a  quarter  of  a 
mile  south  of  Dosthill ;  in  a  small  pit  near  Stookall  Bam ;  in  the 
side  of  the  high  road  again  near  the  word  '  mill ' ;  and  lastly  in  the 
brook  which  comes  down  from  the  Brick  Works.*  The  dip  is  in  all 
cases  towards  the  south-west,  at  angles  varying  from  20°  to  40°,  and 
therefore  in  nearly  the  same  direction  as  on  the  east  side  of  the 
Coal -field.  The  dip  of  the  Coal-measures,  on  the  other  hand,  is 
towards  the  east,  and  generally  at  a  high  angle  (from  50°  to  80°), 
so  that  the  unconformity  is  most  conspicuous.  The  shales  are  highly 
altered  grey  and  olive-coloui-ed  sandstones.  No  red  beds  are  seen, 
and  at  present  no  fossils  except  worm-tracks*  have  been  found. 
There  is  a  strong  resemblance,  however,  in  these  shales  to  the 
Nuneaton  and  Atherstone  beds,  and  there  can  be  little  doubt  that 
they  also  are  of  Lower  Silurian  age. 

The  Base  of  the  Coal-measures  continued. 

The  nature  of  the  evidence,  on  which  the  base  of  the  Coal* 
measures  has  been  drawn  upon  the  map  (now  for  the  first  time),  has 
been  given  above.  It  has  been  shown  that  the  actual  base  is  formed 
in  some  oases  of  a  conglomeratic  sandstone,   with  a  oonsiderable 

"  Geol.  Mao.  1882,  New  Series,  Dec.  II.  Vol.  IX.  p.  666. 

^  The  position  of  the  boimdarjr  fault  of  the  New  Red  Marlis  marked  in  this  brook 
bj  a  rubble  of  diorite  resting  against  red  and  white  clay.  Lumps  of  a  white  siliceous 
vein-stuff  containing  specks  of  ^ena  ma^  be  picked  out  of  the  white  clay. 


Harrison,  Midland  Naturalist,  toL  nii.  IbSd. 
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tbioknesB  of  strata  intervening  between  the  ooal-seams  and  the 
Silurian  platform,  while  in  others  the  coal-seams  appear  to  rest 
almost  directly  upon  this  platform.  TTie  impersistency  of  these 
lower  beds  led  Professor  Lapworth  to  conclude  that  the  Stockingford 
shales  were  brought  "  in  a  long-curved  strike  fault  against  the  Coal- 
bearing  beds  of  the  Upper  Carboniferous.**^  The  same  view  was 
taken  by  Mr.  Harrison  also,  who  writes  that  the  line  of  fault  between 
the  Coal-measures  and  the  Stockingford  Shales  is  "  marked  by  a  line 
of  brick-pits  in  which  the  rubbed- up  material  or  'fault-stuff'  is 
worked/'  and  again,  in  reference  to  Dosthill,  that  "  on  the  west  of 
the  hill  ....  a  line  of  fault  runs,  by  which  the  Triassic  strata  are 
placed  on  a  level  with  the  Cambrian  shales,  while  on  the  eastern 
side  a  parallel  fault  of  less  *  throw '  places  the  Coal-measures  in  a 
similar  position."  " 

The  mapping  of  the  boundary,  however,  about  Oldbury,  placed  it 
beyond  doubt  that  in  this  neighbourhood  it  was  not  a  fault,  but  an 
unconformable  superposition  of  the  one  series  upon  the  other,  while 
the  section  at  Chilvers  Coton  proves  that  the  absence  of  the  con- 
glomeratic sandstone  is  due  to  attenuation  and  does  not  imply  a  fault. 
Nor  in  the  intermediate  ground  is  there  any  reason  to  attribute  the 
varying  distance  of  the  seams  from  the  top  of  the  Silurian  rocks  to 
a  fault  rather  than  to  the  known  variability  of  the  lower  beds  of  the 
Coal-measures,  the  material  referred  to  by  Mr.  Harrison  as  '  fault- 
stuff '  being  merely  such  fireclays  and  shales  as  are  commonly  found 
in  connection  with  seams  of  coal  in  the  Coal-measures.  The  relations 
of  the  Coal-measures  to  the  Silurian  platform  appear  to  be  exactly 
paralleled  by  those  of  the  Coal-measures  of  South  Staffordshire  to  the 
platform  of  the  Upper  Silurian  rocks,  on  which  they  rest  in  that 
county.  Professor  Jukes  writes*  that  "the  Silurian  rocks  were 
greatly  denuded  and  worn  away,  and  clifb  and  hollows  formed  in 
them,  on,  against,  and  over  which  the  Coal-measures  were  deposited, 
both  lying  in  a  nearly  horizontal  position  "  (p.  81)  ;  and  again,  "  We 
have  already,  in  examining  the  base  of  the  C'Oal-measures,  seen  the 
way  in  which  at  particular  spots  the  lower  beds  of  that  formation 
filled  up  hollows  in  the  Silurian  rocks  and  obliterated  their  little 
pre-existing  cliffs,  and  thus  formed  a  smooth  floor  for  the  deposition 
of  the  chief  mass  of  the  Coal-measure  beds  "  (p.  135). 

These  words  describe  exactly  the  manner  in  which  the  earlier 
beds  of  the  Coal-measures  appear  to  have  been  laid  down  in 
Warwickshire.  We  have  here  a  platform  of  rocks  vtoying  in 
hardness,  and  forming  in  consequence  such  peculiarly  undulating 
ground  as  is  found  near  Merevale.  At  the  commencement  of  the 
Carboniferous  period  they  must  have  presented  just  such  a  surface 
for  the  reception  of  the  first  deposited  sediments,  the  igneous  rooks 
standing  up,  as  now,  in  small  hills  above  the  general  level  of  the 
shales,  and  it  seems  to  have  resulted  from  this  that  a  thick  mass  of 

1  Geol.  Mag.  Dec.  II.  Vol.  IX.  p.  666. 
•  Midland  Naturalist,  toL  viii.  p.  72,  1885. 

'  The  South  Staffordihire  Coal-field  (Memoirs  of  the  Geological  Surrey),  second 
edition,  1869. 
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sandstones  and  days  was  deposited  at  Oldbary  and  Waste  Hill, 
while  the  bosses  of  diorite,  etc.,  about  Merevale  remained  still 
nncovered.  Similarly,  at  Dosthill  the  diorite  seems  to  have  formed 
a  small  elevated  area,  bare  of  sediment,  while  oonglomeratio  sand- 
stone was  being  deposited  on  its  flanks. 

Tke  Base  of  (he  New  Bed  Sandstone. 

From  the  south  end  of  the  Warwickshire  Coal-field  northwards 
to  Nuneaton,  the  New  Bed  Sandstone  (Waterstones)  rests  unoon- 
formably,  first  on  Ooal-measures,  then  on  the  Silurian  shales  and 
diorites,  the  junction  being  exposed  in  an  old  quarry  at  Marston 
Jabet,^  and  in  Wash  Lane,  Nuneaton.  In  both  cases  soft  red  and 
white  sandstone,  based  by  an  inch  or  two  of  breccia,  is  seen  resting 
on  diorite  and  shale.  The  same  boundary-line  is  seen  again  in  the 
Midland  Oo.'s  Quarry  near  Nuneaton  Station  (Midland  Hallway). 
The  beds,  which  are  flaggy  and  resemble  parts  of  the  New  Bed 
Marl  (into  which  the  Waterstones  shade  insensibly),  are  seen  resting 
on  a  very  uneven  floor  composed  in  part  of  a  sheet  of  igneous  rock, 
and  in  part  of  quartzite.  The  hollows  in  this  floor  are  filled  with 
a  breccia  of  large  fragments  of  quartzrte,  sometimes  a  foot  across, 
while  three  or  four  feet  from  the  bottom  of  the  red  beds  there  is  seen 
a  conglomeratic  band  containing  well-rounded  pebbles  of  quartzite, 
from  ^  to  1  inch  in  diameter. 

From  this  point  northwards,  however,  the  boundary  of  the  Trias 
is  shown  as  a  fault.  The  evidence  of  this  is  given  by  Mr.  Howell 
as  follows.'  The  coals  were  wrought  in  the  old  workings  near  Poles- 
worth  Station  up  to  a  ^  Bed  Bock  Fault "  and  there  entirely  cut  ofif. 
Near  Dordon  the  coals  were  found  to  be  so  much  faulted  that  the 
workings  were  not  proceeded  with.  Lastly,  a  fault  falling  into  the 
same  line  is  seen  in  a  quarry  in  Merevale  Park  (p.  50).  The  absence 
of  the  Lower  Keuper  Sandstone  (Waterstones)  between  Atherstone 
and  Nuneaton  is  eAao  taken  as  evidenoe  of  a  fault,  and  it  may  be 
added  that  the  nearly  straight  course  taken  by  the  boundary  is  in  a 
general  way  suggestive  of  a  fault  rather  than  of  a  natural  super- 
position. The  existence  of  such  a  fault,  however,  has  been  questioned 
by  Mr.  W.  Andrews,^  and  borings  made  since  the  date  of  the  original 
survey  of  the  ground  have  proved  that  the  fault,  if  it  exists,  has  not 
the  importance  which  might  have  been  attributed  to  it  For  it  might 
have  been  supposed  that  the  Ck)al-mea8ures  would  occur  beneath  the 
Bed  Marl  on  the  east  side  of  the  fault,  having  been  thrown  down 

^  Geology  of  the  Warwickshire  Coal-field  (Memoirs  of  the  Geological  Sunrey), 
p.  39,  fiff.  4. 

'  Geology  of  the  "Warwickshire  Coal-field. 

'  In  a  paper  read  at  the  Annosd  Meetinji:  of  the  Warwickshire  Naturalists'  and 
Archsaologists'  Field  Clnb,  1884.  A  different  yiew  was  taken  by  Prof.  J.  Phillips, 
who  refers  to  the  ''  curions  circumstance,  that  the  Nuneaton  coal-field  terminates  on 
the  north-eastern  [side]  by  a  magnificent  line  of  fault.  It  is  one  of  the  grandest 
lines  of  fault  which  can  be  seen  anywhere,  and  along  that  line  of  fault  there  are  the 
effects  of  metamorphosis ;  there  are  considerable  btirsts  of  trap-rock  "  (Coal  Com- 
mission Report,  1871,  vol.  ii.  p.  494).  The  trap-rock  referrea  to  appears  to  be  the 
Caldecote  Volcanic  Series,  which  is  of  course  of  yastly  greater  antiquity  than  the 
fault. 
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with  this  rook  against  the  older  PalflBOsoio  strata.  The  abeenoe  of 
Waterstones,  moreover,  does  not  neoessarily  imply  the  presence  of  a 
fault,  for  these  beds  oonstitate  merely  the  earlier  and  more  sandy 
sediments  of  the  New  Bed  Marl,  and  are  known  to  be  quite  un- 
represented in  some  other  localities  where  the  Bed  Marl  mantleB 
round  bosses  of  old  rock,  as  at  Croft,  Sapcote,  eta 

That  there  is  a  fault,  however,  along  the  northern  part  of  the 
coal-field  appears  to  have  been  proved,  and  that  it  extends  sooth- 
wards  as  far  as  shown,  though  perhaps  with  no  great  throw,  seems 
probable.  Near  Hartshill  Whiu-f  is  a  quarry  in  quarteite  in  which 
the  base  of  the  Trias  is  seen,  the  lower  beds  consisting  of  about 
three  feet  of  sandstone,  overlain  by  about  three  feet  of  marl,  and 
lying  upon  the  quartzite.  The  beds  undulate  and  when  last  seen  are 
dipping  steeply,  as  though  near  a  fault  If  there  is  a  fault  here, 
the  Triassic  beds  seen  must  be  on  the  west  or  upthrow  side.  The 
section  proves  therefore  that  the  Trias  rests  upon  the  quartzite  here, 
without  any  of  the  Coal-measures  intervening. 

At  the  brick-pit  near  the  canal  by  Nuneaton  Midland  Station,  the 
Bed  Marls  are  seen  with  a  dip  ranging  up  to  36°.  The  quartzite 
rises  to  the  surface  close  by,  but  the  junction  is  not  exposed.  The 
steepness  of  the  dip  of  the  Marl,  however,  points  to  the  boundary 
being  probably  a  fault 

We  have,  then,  four  instances  in  which  the  Trias  is  seen  resting 
directly  upon  tlie  Silurian  rocks,  namely,  Marston  Jabet,  Wash  Lane, 
the  Midland  Co.'s  quarry,  and  Hartshill  Wharf.  This  evidence 
alone  would  have  been  sufficient  to  indicate  that  the  Trias  of  the 
great  plain  on  the  north-east  of  the  Warwickshire  Coal-field  would 
probably  be  found  to  rest  in  great  part  on  the  older  Palseozoic  rocks, 
and  not  on  Coal-measures,  especially  when  it  is  remembered  that  the 
nearest  exposure  of  Palaeozoic  rock  to  the  east  (namely,  at  Sapcote) 
shows  syenite  rising  through  the  Marl.  But  this  conclusion  has 
been  placed  beyond  doubt  by  the  results  of  borings,  some  of  whidi 
have  reached  the  base  of  the  Triassic  rocks,  and  proved  the  depth  to 
the  Palsdozoic  floor.  The  following  is  a  list  of  those  which  bear 
upon  the  district  under  consideration. 

fiAWKESBiTRT  PuMPiNO  STATION  ,*  aboat  flve  iDiles  sonth  ol  Xvneaton.    252  feet 
aboTO  Ordnance  Datom.^ 

Drift 30  feet 

Lower  Eeuper  Suidatone  [Waterstones] 90   „^ 

120  „ 
Thb  Whitb  Stonb,  about  7\  miles  south-east  of  Nuneaton.    A  well  to  a  depth  of 
80  feet,  a  borehole  to  a  further  depth  of  60  feet.    Height  above  Ordnance 
Datum  about  260  feet.* 

White  sandstone  and  red  shale  [Waterstones]    60  feci 

Hard  mottled  blue  and  pur^  shales 70    „  ^ 

Iso  „ 

1  Report  of  the  British  Association  for  1875  (Report  of  the  Committee  on  the 
Circulation  of  UnderCTound  Waters),  pp.  135,  136.  For  the  Nuneaton  boring  see 
also  Report  for  1878,  Report  on  the  Ci»nilation  of  Unde^ound  Waters,  p.  7. 

*  The  details  of  this  section  were  given  me  by  Mr.  W.  Andrews.  The  Water- 
stones  are  well  exposed  in  a  quarry  by  the  side  of  the  L.  and  N.  W.  Railway,  near 
Attleborough. 
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At  the  time  of  my  visit,  April,  1886,  the  d^hris  from  the  pit  was 
in  a  fresh  oondition.  The  character  of  the  shales  left  no  douht  that 
they  were  of  Silurian  age,  and  probably  of  the  same  age  as  those 
that  crop  out  at  Marston  Jabet  Some  of  the  fragments  were  inter- 
Beoted  by  veins  of  gypsum,  doubtless  derived  by  infiltration  from 
the  Trias  above.    No  fossils  have  been  found. 

NuNBATON :  centre  of  the  town.    210  feet  aboTe  Ordnance  Datum.  ^ 

Drift  (sand,  grayel,  and  clay)     18  feet. 

Bed  Marl  12    „ 

Lower  Keuper  Sandstone  nVaterstones]  80    „ 

Haid  slaty  white  rock  [probably  Hartslull  Qnartzite]...  2    „ 

112    „ 

Lnn)LET  Hall  Estate  ;  boring  near  the  Fenn  Lanes.    About  three  miles  north 

of  Nuneaton. 

SoU,  red  clay,  etc.,  (Drift)  6  feet. 

Red  marl  with  red  and  blue  rock  and  g^sum  466    ,, 

Bluej  red,  and  brown  rock  with  marl,  probably  Water- 
stones 181  •„  1 

643    „ 

HiNOKLBT  Wha&p,  abottt  three  miles  east-north-east  of  Nuneaton,  313  feet  abore 

Ordnance  Datum.^ 

Glacial  Drift  Sands  and  Boulder-clay  88  feet. 

Bed  Marls  Bed  gypseous  marls  with  bands  of  ^y  sandstone  ...  408    ,, 

Waterstonee    Bed,  grey,  and  brown  sandstones  with  bands  of  marl  209    ,>  ^ 

705    „ 

This  boring  is  nearly  midway  between  the  exposures  of  Palaeozoic 
rocks  at  Nuneaton  and  Sapcote,  and  is  probably  near  the  deepest  part 
of  the  trough  of  Triassic  rocks  separating  these  localities.  It  shows 
that  the  lower  sandy  beds  of  the  Ked  Marls,  which  are  distinguished 
by  the  name  of  the  Waterstones,  increase  rapidly  in  thickness  on 
receding  from  the  old  land-barriers  or  islands,  formed  by  the  harder 
parts  of  the  Silurian  and  pre-Silurian  series.  In  this  they  may  be 
compared  to  the  impersistent  sandy  and  conglomeratic  beds  which 
form  the  base  of  the  Goal-measures,  as  previously  described. 

HiNOLLET ;  at  the  Holy  Well,  830  feet  aboYe  Ordnance  Datum  [should  be  421].' 

Drift  (pebbly  clay,  sand,  and  gravel) 150  feet. 

Bed  marl  20    „ 

Lower  Eeuper  Sandstone  (viz.  thin  beds  of  clay  and 
gynsum  alternating  with  thick  beds  of  red,  grey, 
ana  white  sandstone)  [Waterstones]  370    „ 

640    „ 

>  BepOTt  of  the  British  Association  for  1882.  Beport  on  the  Circulation  of  Under- 
ground Waters,  pp.  14,  16,  where  the  section  is  given  in  full. 

'  Beport  of  the  British  Association  for  1875  (Beport  of  the  Committee  on  the 
Circulation  of  Underground  Waters),  pp.  136, 137.  For  a  further  account  of  the 
Hinckley  Boring  see  Beport  for  1879,  p.  160. 
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Elmbstho&pb  BoBnro.  ftt  Sapcote  Freeholt,  two  mfles  etst  of  Hinckley  and  two 
milee  west  of  the  syenite  boss  of  Sapcote.    300  feet  above  Ordnance  Datnm.^ 

Drift 10  feet. 

Bed  Marl  120    „ 

Lower  Eenper  Sandstone  [Waterstonesl    330    ,, 

Slaty  rooks  with  a  dip  of  70^  Lower  Silurian  P  ^.  930    ,, 

1440 
This  boring  appears  to  haye  subsequently  reached  a  depth  of  1655 
feet  from  the  surface  without  meeting  any  change  of  ground. 

LiKDBiDOB  CoLLiBBT  CoMPAKT  (Landridge  ?),  one  mile  north  of  Desford.    400  feet 
above  Ordnance  Datum.' 

Drift  2  feet. 

Upper  Keuper  Sandstone 20    „ 

Rea  Marl  (marl  with  thin  bands  of  gypsum)    44    „ 

Lower  Eeuper  Sandstone.    Waterstones 204    „ 

Ito  „ 

Nbwton  ITnthank,  near  Desford  Station.    One  mile  and  a  quarter  £.  S.£.  of  the 
Lindridge  section,  320  feet  above  Ordnance  Datum.' 

Drift 6  feet 

Upper  Keuper  Sandstoae  and  Marb  66    „ 

Red  Marb  with  sandstone  SO   „ 

Waterstonea  120    „ 

Coal-measures  [P] 353    „ 

615    „ 
There  have  been  also  borings,  of  which  details  are  not  forthcoming, 
at  the  undermentioned  localities : — 

Near  KingshUl  Spinney,  one  mile  and  a  half  south-west  of  Market  Boswortfat 
ending  at  a  depto  of  about  672  feet,  probably  in  Waterstones. 

At  Boeworth  Wharf,  one  mile  west  of  Market  bosworth. 

At  Cowpasture,  three-quarters  of  a  mile  north-east  of  Market  Bosworth,  said  to 
have  entered  Cambrian  or  Lower  Silurian  rocks  at  400  feet 

Near  Gabriel  Pool,  |  of  a  mile  N.N.W.  of  Newbold  Vernon,  to  a  depth  of  266  feet. 

Newbold  Heath,  half  a  mile  W.S.  W.  of  the  Landridge  boring  mentioned  abore,  in 
which  Coal-measures  were  said  to  ha?e  been  provra  at  a  depth  of  400  feet 

There  can  be  little  doubt  therefore  that,  as  pointed  out  by  Mr. 
Harrison/  the  Trias  rests  directly  upon  rocks  older  than  the  Ck)al- 
measures  over  a  large  part  of  the  area.  Whether  or  no  the  Coal- 
measures  were  ever  deposited  continuously  over  the  area  remains 
an  open  question.    It  is  certain  that  the  Silurian  rocks  had  suffered 

^  The  lower  part  of  this  subdirision  was  attributed  to  the  Permian  by  Sir  Andrew 
Bamsay,  who  gare  the  following  details  (Beport  of  the  Coal  Commission,  1871,  toL 
ii.  p.  134):— 

f  Loose  sandstone 64  feet 

I  Hard  sandstone 17    „ 

Permian  ^  Light  and  dark  sandstone 43    „ 

Pebbles,  hard  conglomerate 2    „ 

i  Pink  and  purple  marls  16    ,, 

Coal-measures  [now  known  to  be  Silurian  or  of  earlier  age].. 

141    „ 

'  Beport  of  the  British  Association  for  1876  (Beport  of  the  Committee  on  the 
Circulation  of  Undergpronnd  Waters),  p.  137. 

*  Beport  of  the  British  Association  for  1878  (Beport  on  the  Circulation  of  Under- 
ground Waters),  pp.  6,  7. 

«  Midland  Natoralist^  toI.  riii.  (1886). 
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enormous  denudation  in  pre-Carboniferous  Hmes,  so  great  indeed  as 
to  remove  the  whole  of  the  series,  oonsisting  in  the  aggregate  of 
several  thousand  feet  of  rock,  from  parts  of  Leicestershire.  And  it 
is  probable  that  in  the  period  of  submergence  that  succeeded  this 
continental  epoch  most  of  even  the  higher  parts  of  the  old  land- 
surface  in  this  neighbourhood  were  overspread  by  the  latest  Coal- 
measure  sediments.  But,  however  this  may  have  been,  the  Carboni- 
ferous rocks  were  swept  bodily  off  large  areas  in  the  Midland  Counties 
in  the  long  period  of  denudation  which  preceded  the  Trias.  There 
are  therefore  two  questions  to  be  taken  into  consideration,  in  specu- 
lating on  the  possible  presence  of  Coal-measures  under  the  Trias  at 
any  point  in  the  Midland  Counties :  firstly,  whether  the  Coal-measures 
ever  existed  at  that  point ;  secondly,  whether,  having  existed,  they 
were  subsequently  removed  by  pre-Triassic  denudation.  It  is  scarcely 
possible  to  attach  too  much  importance  to  the  study  of  the  great 
unconformity  at  the  base  of  the  Trias.  In  the  present  instance 
it  seems  certain,  that  though  the  Coal-measures  may  have  been 
deposited  in  a  continuous  sheet  between  the  Leicester  and  Warwick 
Coal-fields,  they  were  certainly  swept  clean  off,  as  far  north  as 
Market  Bosworth  and  perhaps  further,  before  the  Waterstones  and 
Marls  were  deposited. 

Appendix  I. 

in. — ^Thb  Igneous  Rooks,  etc.,  of  the  Neighboushood  of  the 
Wabwiokshibs  Coal-field. 

By  Frank  Bvtlbt,  F.G.S.,  etc. 

THESE   rocks  may  be  classed  into  five   or  six   more  or  less 
distinct  groups. 
L  Syenitic  Bocks  (Croft  Series). 
II.  Andesite  and  Andesitic  Tuffs  (Caldecote  Series). 

III.  Hartshill  Quartzite  with  Breccia  at  its  base. 

IV.  Diorites. 

V.  Andesites  or  Diorites  containing  Augite. 

VI.  Basalts  or  Diorites  containing  Olivine. 

The  three  last  groups  appear  to  graduate  into  one  another,  and 
seem  to  correspond  with  similar  rocks  described  by  Mr.  AUport.* 
Many  of  the  specimens  examined  are  in  a  more  or  less  advanced 
stage  of  decomposition,  calcite,  serpentine,  pyrites,  eta,  being  very 
commonly  present 

The  best  example  of  diorite  in  the  series  is  that  from  the  Oldbury 
Beservoir.  These  rocks  are  of  special  petrographical  interest  since 
so  few  diorites  have  been  found  in  England.  The  mineral  constitu- 
tion of  some  of  these  rocks  is  such  that  they  are  also  interesting  from 
the  transitional  characters  which  they  present  between  diorite,  basalt 
and  andesite  or  diabase.  The  pseudomorphs  after  olivine  met  with 
in  the  sections  of  rock  here  described  might  rather,  as  a  rule,  be 
called  metasomata,  since  well-developed  forms  of  the  original  crystals 

^  On  the  Diorites  of  the  Warwickshire  Coal-field,  Q.J.Q.S.  toI.  zxxy.  p.  637. 
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sre  often  wanting,  and  it  is  seldom  that  any  mudteied  oliTine  is 
present  The  replaoing  sabstanoe  ia  freqaaitly  calcite.  Aooeptin^ 
therefore,  the  conclosiona  of  AUport,  who  was  fortunate  in  finding 
good  crystals  of  nnalt^^  olirine  in  some  of  the  dioritio  roc^  of 
this  distriot,  and  ooapling  them  with  soch  OTidence  of  the  former 
presence  of  this  mineral  as  the  sections,  here  described,  afford,  tbeze 
seems  little  doubt  that  we  have,  in  some  cases,  rocks  which  may 
often,  with  equal  justice,  be  termed  either  olivine-bearing  dioritee  or 
homblendic  basalts.  On  the  other  hand,  the  association  of  angite 
with  hornblende  in  some  of  these  rocks,  also  described  by  Allport, 
gives  rise  to  a  like  ambiguity,  since  in  these  we  may  have  either 
homblendic  diabases  or  andesites,  or  augitio  diorites. 

The  term  augite-diorite  has  already  been  employed  by  Zirkel,'  and 
its  use  advocated  afresh  by  Grenville  A.  J.  Ck>le.'  The  sanction  of 
such  a  term,  although  its  meaning  is  evident  and  not  opposed  to  the 
observed  mineral  constitnticm  of  these  rocks,  may  however,  lead  to 
some  present  confusion  in  petrological  nomenclature,  since  the  cur- 
rently accepted  definition  of  a  diorite  indicates  that  the  constituent 
minerals  are  essentially  triclinic  felspar  (labradorite  or  oligoclase) 
and  hornblende.  The  important  point  in  naming  rocks  of  this  mixed 
character  is  to  indicate  their  relationship  on  eiUier  hand  to  sharply 
and  of  course  arbitrarily  defined  rock  types  when  their  position  is  so 
evenly  balanced  between  two  types  that  the  rock  cannot  be  referred 
to  the  one  type  more  than  to  the  other,  and,  to  indicate  this,  I  would 
suggest  that  the  names  of  the  two  nearest  types  should  be  combined, 
a  preponderating  affinity  towards  the  one  ^pe  or  the  other  being 
denoted  by  underlining  the  name  of  the  dominant  type.  Thus  in  the 
case  of  those  olivine-bearing  rocks  which  approximate  on  the  one 
hand  to  diorites  and  on  the  other  to  basalt,  we  should  have 

Diorite.    Diorite- Basalt    Diorite  Basalt.    Diorite-Basalt     Basalt 

A  nomenclature  based  upon  mineralc^ical  terms  only  is  never  likely 
to  be  adopted,  since  it  is  far  too  cumbrous.  Eock-names  taken  singly 
fail  to  indicate  transitions  in  mineral  constitution,  while  a  mixture  of 
mineralogioal  and  petrological  names  at  once  impairs  the  needfully, 
but  unnaturallj  sharp  definition  of  a  type.  It  therefore  seems  better 
to  employ  already  well-known  words  and  preserve,  so  far  as  possible, 
the  landmarks  of  classification,  than  to  destroy  the  meaning  of  a 
term  by  a  mineralogioal  prefix  or  affix  which  in  conveying  a  small 
truth  may  breed  a  great  misconception.  If,  for  instance,  augite  or 
olivine  were  assumed  to  be  anything  more  than  occasional  and 
subordinate  constituents  of  a  diorite,  the  commonly  accepted  definition 
of  that  rock  would  become  worthless,  since  the  term  diorite  would 
then  embrace  a  number  of  rocks  of  far  greater  importance  and  wider 
distribution,  which  have  hitherto  been  distinguished  by  other  names. 
That  a  relationship  exists  between  such  rocks,  and  that  they 
graduate  one  into  another,  is  too  well  known  to  need  any  comment, 

1  "  Lehrbucb  der  Petrographie,"  toI.  ii.  p.  7,  Bonn,  1866. 
'  *<  The  IgneouB  Rocks  of  Stanner,''  Gbol.  Mao.  Decade  III.  VoL  III.  p.  226 
(May,  1886). 
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but,  to  have  olassifioation,  more  or  less  olear  definitions  must  be 
employed ;  without  these  the  whole  series  of  basalts,  andesites  and 
diorites  may  as  well  be  called  Greenstones. 

I.  Syenitio  Rocks. 
Croft.* 

Pinkish-grey  crystalline  rook,  resembling  a  fine-grained  granite 
and  apparently  composed  of  pinkish  or  flesh-coloured  felspar,  a  very 
little  dark  mica,  quartz,  and  some  dark  specks  of  hornblende  and 
magnetite.  Under  the  microscope  the  rock  is  seen  to  have  a  holo- 
crystalline  granitic  structure,  and  to  consist  chiefly  of  orthoclase 
and  triclinic  felspars,  quartz,  hornblende  and  magnetite,  with  pos- 
sibly a  little  magnesian  mica.  The  amount  of  triclinic  felspar 
present  renders  it  necessary  to  distinguish  this  rock  from  an  ordinary 
quartz- syenite.  It  is  an  orthoclase-plagioclase  syenite,  in  other 
words  it  occupies  a  position  between  quartz-syenite  and  quartz-diorite. 

Croft. 

A  pinkish-brown  crystalline  rock  with  numerous  white,  porphyri- 
tic  crystals  seldom  over  one-eighth  of  an  inch  in  diameter,  and  small 
dark  greenish-black  and  black  specks.  The  specimen  has  a  weathered 
appearance. 

Under  the  microscope  it  is  seen  to  consist  of  orthoclase,  a  triclinio 
felspar,  which  from  some  of  the  extinction  angles  seems  to  be  albite, 
hornblende  in  small  irregularly  developed  crystals  which  are  some- 
times represented  by  serpentinous  pseudomorphs  and  crystals  and 
irregular  grains  of  magnetite.  Quartz  oocurs  plentifully.  The  rock 
is  essentially  a  quartz-syenite.  It  is  a  more  coarsely  crystalline 
rock  than  the  preceding. 

Croft. 

A  purplish  or  reddish-grey,  fine-grained  crystalline  rock,  with 
dark  brown  spots  ranging  up  to  an  eighth  of  an  inch  in  diameter. 

Under  the  microscope  the  chief  constituents  are  seen  to  be 
felspars,  all  of  which  are  greatly  altered,  so  that  their  optical  charac- 
ters aflbrd  no  clue  to  the  species,  quartz,  serpentine,  apparently 
pseudomorphous  after  hornblende,  and  ilmenite  partly  converted  into 
leucoxene. 

The  rock  seems  to  be  a  decomposed,  fine-grained,  quartz-syenite. 

II.  Andesite  and  Andesitic  Tufi^s,  Caldecote  Series. 
Old  tunnel,  near  Caldecote  HilL*    Caldecote  Series. 

A  finely-laminated  greenish-brown  rock,  resembling  a  fine-grained 
sandy-mudstone  or  slate.  The  specimen  is  bounded  by  parallel  joint- 
planes.  Under  the  microsoope,  with  a  power  of  about  75  linear,  a 
considerable  proportion  of  the  rock  appears  between  crossed  Nicols 
to  consist  of  isotropic  matter  finely  stippled  with  very  minute  doubly 
refracting  granules  and  traversed  by  irregular  wavy  films  of  a  ser- 
pentinous or  sericitic  substance,  which  commonly  runs  in  sinuous 

*  See  also  "  On  the  Pre-Carboniferous  Roeks  of  Chamwood  Forest,"  by  the  Rer. 
T.  G.  Bonney  and  Key.  E.  Hill,  Q.  J.G.8.  vol.  miT.  pp.  119-289,  1878. 
3  See  also  T.  H.  Waller,  Gbol.  Mag.  1886,  p.  323. 
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streaks  approximately  parallel  to  the  lamination  of  the  rock.  The 
entire  section  is  profusely  spotted  with  small  crystals  and  fragments 
of  crystals  of  felspar  and  aogite,  the  latter  mineral  being  usually 
represented  by  pseudomorphs  of  limonite.  Some  of  the  sections  of 
augite  crystals  undergo  maximum  extinction  at  an  angle  of  about 
39^  from  the  vertical  axis,  while  other  sections  transverse  to  the 
vertical  axis  show  approximately  right  angles  formed  by  the  adjacent 
faces  of  the  oblique  rhombic  prism.  The  felspars  are  generally 
labi-adorite.  Taking  into  consideration  all  the  characters  presented 
by  this  rocky  it  seems  highly  probable  that  it  is  an  altered  andesitio 
tuff. 

''Blue  Hole/'  east  of  Caldeoote  Windmill.^  Caldecote  Series. 
(The  Quartz- Porphyry.) 

Eock  composed  of  pink  and  greyish-white  crystals  of  triclinio 
felspar  with  grains  of  quartz,  in  a  dark  bluish-  or  brownish-grey 
matrix,  the  latter  constituting  the  smaller  proportion  of  the  rock. 

Under  the  microscope  the  general  appearance  is  that  of  a  tuff, 
composed  of  crystals  or  fragments  of  crystals  of  tridinic  felspar  and 
quartz  more  or  less  corroded,  together  with  fragments  of  eruptive 
rock  of  an  andesitio  type,  containing  serpentinous  pseudomorphs 
after  pyroxene.  The  porphyritic  felspar  crystals,  all  of  which  have 
their  angles  rounded,  are  often  corroded  superficially  and  their  angles 
of  extinction  indicate,  as  a  rule,  that  they  are  labradorite.  The 
quartz  crystals  are  also  rounded,  and  frequently  show  inlets  of  corro- 
sion, which  are  much  more  strongly  marked  than  in  the  felspars. 
The  material  in  which  these  crystals  and  fragments  are  embedded  is 
felsitic  in  character,  and  as  it  seems  to  be  continuous  with  the  felsitic 
matter  which  fills  the  corrosion-creeks  in  the  quartz-crystals,  it 
appears  probable  that  it  may  be  a  product  of  devitrification,  and  that 
the  rook  is  a  tuff  resulting  from  fragments  taken  up  in  a  magma 
which,  on  solidification,  assumed  a  vitreous  condition.  The  general 
appearance  of  this  rock  under  the  microscope  is  rather  like  that  of 
certain  porphyritic  pitchstones  occurring  in  Saxony,  except  that  in 
the  latter  the  porphyritic  crystals  or  fragments  are  usually  less 
numerous  and  the  ground-mass  retains  its  glassy  character.  It  seems 
probable  that  this  rock  from  Caldecote  is  part  of  a  lava-flow  or  dyke 
which  has  taken  up  fragments  of  other  rocks  in  such  quantity  that 
it  simulates  an  ordinary  volcanic  tuff. 

"Blue  Hole,"  east  of  Caldecote  Windmill.  Caldecote  Series. 
(Junction   of  Quartz-Porphyry   and  Andesite). 

Compact  bluish-grey  to  brownish-grey  rock  with  splintery  fracture. 
The  small  specimen  contains  in  one  part  greyish-white  to  pinkish- 
white  specks  of  felspar,  the  largest  being  about  iV  iuch  in  diameter. 
Minute  grains  of  quartz  are  also  visible  with  a  lens. 

Under  the  microscope,  between  crossed  Niools,  the  section  seems 
to  consist  chiefly  of  a  crypto-crystalline  to  micro-crystalline  ad- 
mixture of  felspar  and  quartz,  with  some  irregularly-shaped  and 
usually  rounded  grains  which,  by  ordinary  transmitted  light,  appear 
of  a  brownish-green  colour,  and  which  are  probably  altered  fragments 
^  See  also  T.  H.  Waller,  Gbol.  Mao.  1886,  p.  323. 
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of  crystals  of  pyroxene  or  amphibole.  A  similar  green  or  brownish- 
green  substance  (chlorite  ?),  accompanied  by  minate  specks  of  opaque- 
white  matter  (kaolin),  constitutes  irregular  stringy  markings  and 
sinuous  bands,  which  traverse  the  section,  in  some  cases  simulating 
fluxion  structure,  the  material  between  such  bands  sometimes  differ- 
ing in  texture  from  that  on  either  side.  This  seems  to  be  due  to  the 
presence  of  fragments  of  rock,  whose  margins  are  ill-defined,  except 
through  the  contact  of  the  chloritic  films  and  strings.  Small  angular 
and  rounded  fragments  of  felspar  crystals  are  plentifully  distributed 
throughout  the  section,  and  here  and  there  opaque  grains  of  ilmenite, 
partly  converted  into  leucoxene,  are  visible. 

The  porphyritic  crystals  and  fragments  of  crystals  of  felspar 
mostly  give  extinction  angles  approximating  to  40®,  and  may  therefore 
be  regarded  as  anorthite.  In  a  few  cases,  however,  labradorite 
occurs. 

Judging  from  the  section,  it  seems  probable  that  this  rock  is  a 
tuff  composed  of  lapilli  of  some  rocks  allied  to  andesite  or  porphyrite 
in  which  the  ground- mass  was  once  vitreous  or  partly  so. 

"Blue  Hole,"  east  of  Caldecote  Windmill.^  Caldecote  Series. 
(Andesite.) 

Compact  purplish-grey  rock,  in  which  a  few  minute  felspar  crystals 
may  be  detected  with  a  lens. 

tFnder  the  microscope  the  section  is  seen  to  consist  of  crystals  of 
triclinic  felspars  and  magnetite  in  a  felsitic  or  aphanitic  ground- 
mass,  in  which  numerous  very  minute  crystals  occur,  which  are 
apparently  hornblende,  since  in  some  cases  they  give  an  extinction 
angle  of  19°. 

If  these  small  crystals  be  hornblende,  the  rock  is  probably  a  horn- 
blende andesite.  It  is  somewhat  decomposed,  the  specimen  effer- 
vescing slightly  when  treated  with  acid.  Isotropic  matter  seems  to 
be  present  and  it  is  quite  possible  that  the  rock  may  have  originally 
possessed  a  more  or  less  glassy  ground-mass,  some  of  the  unaltered 
vitreous  matter  being  apparently  still  present 

III.  Hartshill  Quartzite  with  Breccia  at  its  base. 

Base  of  Hartshill  quartzite,  half  a  mile  S.E.  of  Hartshill. 

A  coarse  breccia  consisting  of  angular  fragments  embedded  in  a 
bluish-grey  to  purplish  matrix.  On  a  cut  surface  of  the  specimen 
some  of  the  fragments  are  of  a  dark  slate-colour  or  purple,  while 
others  are  of  a  rather  pale  greenish -grey.  The  fragments  do  not 
seem  to  exceed  half  an  inch  in  diameter,  and  most  of  them  are  of 
much  smaller  dimensions. 

Under  the  microscope  the  fragments  are  seen  to  be  of  a  mixed 
character.  A  few  consist  of  eruptive  rock,  one  or  two  showing  distinct 
felspar  crystals  (labradorite),  while  one  fragment  contains  small 
vesicles  filled  with  a  pale  green  substance  (chlorite?).  Quartz 
grains  constitute  a  large  proportion  of  the  rock,  and  most  of  the 
other  fragments  and  grains  consist  either  of  greatly  decomposed 
1  8ee  also  T.  H.  Waller,  Gbol.  Mao.  1886,  p.  324.    The  Dark  Bade  Boek. 
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felspar,  oonverted  into  felsitio  matter,  or  fragments  of  qnartzite,  and 
fragments  of  slate,  together  with  grains  of  magnetite.  The  fragments 
of  volcanic  rock  appear  to  be  of  an  andesitic  type.  The  slate  frag- 
ments are  the  largest  and  the  most  numerous. 

Hartshill  Quartzite.* 
A  very  fine-grained  pinkish-grey  rock  resembling  qaartzite. 

Under  the  microscope  the  rock  appears  to  consist  chiefly  of 
irregular  crystalline  grains  of  quartz  containing  numerous  minute 
fluid  lacunas,  with  a  few  grains  of  felspar,  which  from  the  extinctions 
are  seen  in  some  cases  to  be  microcline,  in  others  anorthite.  Grains 
of  a  clear,  colourless,  isotropic  mineral  are  also  present,  which  are 
probably  garnet  Here  and  there  but  quite  rarely  a  little  micro- 
crystalline  siliceous  matter  may  be  seen  lying  in  thin  films  or  occupy- 
ing small  spaces  between  the  quartz  grains.  The  rock  is  essentially 
a  quartzite. 
IT.,  Y.  and  Yi.  Diorites ;  Andesites,  or  Diorites  containing  Augite  ; 

Basalt,   or  Diorites  containing  Olivine.* 

The  specimens  are  taken  in  geographical  order. 

Marston  Jabet.    Intrusive  in  Lower  Silurian  Shales. 

A  rather  coarsely  crystalline  greenish-grey  rock,  consisting  of 
greyish  crystals  of  felspar,  a  dark  green  mineral,  calcite  and  specks 
of  pyrites. 

Under  the  microscope  the  section  shows,  triclinic  felspar  crystals 
(labradorite),  serpentinous  matter  pseudomorphous  after  hornblende, 
the  crystals  being  frequently  about  iV  inch  in  diameter  and  giving 
in  sections  transverse  to  the  vertical  axis  the  usual  prismatic  angle 
for  hornblende.  These  pseudomorphs  are  mostly  flecked  with  an 
opaque  yellowish- white  substance  probably  leucoxene.  Well-defined 
pseudomorphs  of  leucoxene  after  ilmenite  are  also  present,  the  altera- 
tion being  so  complete  that  scarcely  a  trace  of  the  original  mineral 
remains.  Spots  of  pyrites  and  large  patches  of  calcite  occur,  and 
serpentine,  frequently  fibrous  and  in  spherical  groups  of  divergent 
fibres,  often  fills  the  spaces  between  the  larger  crystals.  Apatite  is 
also  plentiful  in  well-formed  crystals.  The  rock  is  a  diorite,  as 
pointed  out  by  Mr.  Allport  in  the  paper  already  cited,  where  descrip- 
tions of  the  microscopic  characters  of  this  rock  in  its  fresh  condition 
and  in  various  stages  of  alteration  are  very  clearly  given. 

GriflF  Farm  (South  of).     Intrusive  in  Lower  Silurian  Shales. 

A  bluish-  to  brownish -grey  crystalline  rock  containing  specks  of 
pyrites. 

Under  the  microscope  this  is  seen  to  be  composed  of  crystals  of 
labradorite  and  hornblende  with  a  considerable  amount  of  serpentine 
or  a  pale  greenish  substance  which  appears  to  be  serpentine,  and 
which  occasionally  occurs  in   small   spherical  or  fan-like  fibrous 

I  See  also  T.  H.  Waller,  Gbol.  Mao.  1866,  p.  236.    The  Quartzite. 

'  See  also  J.  J.  H.  Teall,  Hornblende-Bearing  Kocks,  Gbol.  Maq.  1886,  p.  351. 
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aggregates.    There  is  also  some  caloite  present,  the  rook  effervesoing 
briskly  when  touched  with  acid.     It  is  a  diorite. 

Chilyers  Coton  Bailway-Outting.    A  sheet  three  inches  thick  in 
.Lower  Silurian  Shales. 

A  greenish-grey  or  greyish-green  rock  of  very  fine  texture,  pro- 
fusely speckled  with  dark-green  crystals  and  containing  much 
pyrites,  crystallized  in  cubes. 

Under  the  microscope  this  rook  appears  to  consist  of  pale  green 
serpentinous  matter  with  interlacing  sheaf-like  aggregates  of  small 
slender  acicular  crystals,  having  frequently  rather  ragged  boundaries. 
These  crystals  often  undergo  extinction  at  an  angle  of  19^  from  their 
longest  diameter,  and  it  may  be  assumed  from  this  and  from  their 
pleochroism  that  they  are  hornblende.  There  appears  to  be  very 
little  felspathic  matter  in  this  rock.  There  are,  however,  a  few  im- 
perfectly formed  crystals  of  labradorite  present.  The  serpentine 
may  possibly  be  pseudomorphous  after  olivine,  but  the  sections  are 
very  irregular  in  form,  and  there  is  no  positive  evidence  upon  this 
point.  A  few  grains  of  augite  are  visible  in  this  section,  as  well  as 
irregularly-shaped  patches  of  pyrites. 

Chilvers  Coton  Bailway-Cutting.     Intrusive  in  Lower  Silurian 

Shales. 

A  medium-grained  crystalline  rock  of  a  pinkish-grey,  closely 
speckled  with  dull  green  crystals  and  containing  minute  specks  of 
pyrites. 

Under  the  microscope  it  is  seen  to  consist  of  triolinic  felspar, 
hornblende,  rather  sparsely  distributed  grains  of  magnetite  and 
pyrites,  a  very  few  minute  crystals  of  apatite  and  some  isotropic  or 
nearly  isotropic  matter,  which  may  represent  an  interstitial  glass. 
The  felspar  appears  as  a  rule  to  be  labradorite.  The  rock  is  essen- 
tially a  diorite. 

Chilvers  Coton  Bailway-Cutting.    Litrusive  in  Lower  Silurian 
Shales.    Three  feet  from  top  of  dyke. 

A  greenish-grey  crystalline  rock  of  fine  texture,  containing 
numerous  minute  specks  of  pyrites. 

The  constituents  of  this  rock  appear  under  the  microscope  to  be 
triclinic  felspar  (labradorite),  serpentine,  apatite  pyrites,  and  a  little 
unaltered  augite.  The  serpentine,  which  is  very  plentiful  in  the 
section,  may  be  an  alteration  product  after  augite  or  after  some  other 
mineral,  but  upon  this  point  the  section  adOfords  no  trustworthy 
evidence.    The  rock  is  probably  some  kind  of  andesite. 

Midland  Quarry,  Nuneaton  Station.    Intrusive  in  Hartshill  Quartzite. 

A  very  fine-grained  purplish -grey  rock  showing  under  a  pocket- 
lens  a  small  quantity  of  a  light-green  mineral  resembling  epidote 
and  minute  octahedra  of  magnetite.  The  specimen  attracts  the 
magnetic  needle. 

Under  the  microscope  the  constituents  are  seen  to  be  triclinic 
felspar,  augite,  olivine,  magnetite,  and  serpentine,  the  latter  sub- 
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stance  being  probably  psendomorpbous  after  olivine.  A  few  fan- 
like or  divergent  groups  of  capillary  crystals  occur  bere  and  tbere  in 
tbe  section.  Tbey  undergo  extinction  approximately  parallel  to  tbe 
longest  axes  of  tbe  minute  rods,  and  are  probably  epidote.  The 
magnetite  occurs  in  irregularly-shaped  grains  and  in  well-developed 
octc^edra.  A  little  hornblende  may  be  present,  but  the  evidence  for 
this  is  not  satisfactory.     The  rock  is  a  diabase. 

Stockingford  Cutting,  Midland  Railway  (E.  of  bridge).    Intrusive 
in  Lower  Silurian  Shales. 

A  very  fine-grained,  greenish-grey  oiystalline  rock,  containing 
small  spots  and  very  numerous  minute  specks  of  pyrites.  The  rock 
effervesces  freely  when  touched  with  acid. 

Under  the  microscope  it  is  seen  to  consist  of  tridinic  felspar 
(labradorite),  serpentine  often  in  pseudomorphs  after  olivine,  horn- 
blende, pyrites,  calcite,  and  specks  of  a  yellowish  white  substance, 
either  kaolin  or  leucoxene,  but  probably  the  former.  It  is  difficult 
to  say  whether  this  rock  is  to  be  reganled  as  a  basalt  or  a  diorite. 
The  occurrence  of  olivine  in  dioritio  rocks  fix)m  this  neighbourhood 
has  already  been  noticed  by  Mr.  S.  AUport.^ 

Midland  Railway,  Stockingford  Cutting,  Nuneaton.    Upper  surface 
of  dyke  intrusive  in  Lower  Silurian  Shales. 

A  very  fine-grained  greenish-grey  or  drab-coloured  crystalline 
rock,  showing  numerous  minute  specks  of  pyrites. 

Under  the  microscope  the  constituents  appear  to  be  chiefiy  triclinic 
felspar,  serpentine  pseudomorphous  after  hornblende,  a  very  little 
unaltered  hornblende  and  a  considerable  quantity  of  pyrites,  some 
of  which  occurs  in  triangular  sections  which  give  angles  of  approxi- 
mately 110^  (the  angle  formed  by  the  edges  of  an  octahedron).  It 
therefore  seems  probable  that  the  pyrites  in  this  case  is  pseudo- 
morphous after  magnetite,  and  this  appears  the  more  likely  since  no 
magnetite  is  visible  in  the  section,  although  the  rock  is  one  in  whicb 
this  mineral  is  generally  present  So  far  as  I  am  aware,  pseudo* 
morphs  of  pyrites  after  magnetite  are  of  very  unusual  occurrence, 
but  instances  are  quoted  by  Delesse.'    The  rock  is  a  diorite. 

Oldbury  Reservoir.    Yery  thick  sheet  intrusive  in  Lower  Silurian 

Shales. 

A  greenish-grey  crystalline  rock,  spotted  with  numerous  dark- 
green  or  blackish  crystals  of  hornblende.  It  also  shows  mauy 
8})ecks  of  pyrites  and  the  joint  planes  are  coated  with  ccdc-spar. 

Under  the  microscope  the  rock  is  seen  to  be  composed  of  triclinio 
felspar,  crystals  of  hornblende,  larger  than  those  seen  in  the  rocks 
already  described,  and  exhibiting  the  interrupted  crystallization, 
sometimes  termed  ophitic,  a  considerable  quantity  of  kaolin,  specks 
of  pyrites  and  also  a  little  calcite.    The  rock  is  a  diorite. 

*  Quart.  Joum.  Geol.  Soc.  vol.  xxxv.  p.  639. 

'  K^hercbes  sur  lee  Pseudomorphoses,  Tableau  II.  p.  52,  Annales  des  Mines, 
t.  xvi.  1859. 
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Dostbill  (intrusive  in  Lower  Silarian  Shales). 

A  fine-grained  greenish-  to  greyish-brown  crystalline  rock. 

Under  the  microscope  it  is  seen  to  consist  of  more  or  less  imper- 
fectly developed  lath-shaped  crystals  of  triclinic  felspar,  which,  from 
the  extinction  angles  of  some  of  them,  appear  to  be  labradorite, 
octahedra  and  irregularly-shaped  grains  of  magnetite,  i^atite  and 
psendomorphs  of  serpentine,  apparently  after  hornblende,  since  the 
angles  of  some  of  these  psendomorphs  correspond  with  the  angle  of 
the  oblique  rhombic  prism  in  hornblende. 

The  rock  may  be  regarded  as  an  altered  diorite. 


Appendix  IL 
rV. — On  the  New  Species  Olenvs  Nuneatonbnsis  and  Obolblla 

GRANULATA,     FROM    THE     LoWEB     SlLUBIAN     (<  GaHBBIAN,'     LaP- 

wobth),  neab  Nuneaton. 

By  Gio&oB  Sharman,  Esq. 
Olenus  Nnneatonetms,  S.,  sp.  nov. 

Locality, — ^West  end  of  the  Midland  Bailway  cutting,  between 
Nuneaton  and  Stockingford. 

Several  fragmentary  specimens  of  this  Trilobite,  differing  in  size, 
yet  exhibiting  similar  characters,  have  been  collected  from  this  locality. 
The  most  perfect,  although  one  of  the  smallest,  is  best  fitted  for 
description. 

The  length  of  this  specimen  is  three-eighths  of  an  inch,  and  the 
head,  or  cephalic-shield,  is  rather  more  than  one-third  of  the  entire 
length.  The  glabella  is  very  convex,  slightly  narrowing  in  front, 
but  inflated  and  bending  over  the  frontal  margin.  The  neck-furrow 
is  distinct,  the  basal  groove  runs  across  the  glabella,  and  there  appear 
to  be  two  short  indistinct  furrows  on  each  side.  There  are  eleven  to 
thirteen  body-rings,  the  pleursd  of  the  5th,  6th,  and  7th  bearing 
short  spines,  and  the  8th  possessing  a  produced  spine  half  as  long 
as  the  specimen  itself,  and  projecting  beyond  the  end  of  the  tail.  The 
four  terminal  segments  of  the  body  also  have  spines,  lessening  in 
length  towards  the  tail.  The  tail  is  short,  the  axis  showing  it  to  be 
composed  of  three,  or  perhaps  more  segments ;  it  narrows  posteriorly, 
and  is  subtruncate,  being  indented  as  in  0.  micrurua. 

This  species  is  distinguished  from  0.  micrurua  by  the  more 
lengthened  spines  from  the  posterior  angles  of  the  cheeks,  and  the 
possession  of  those  attached  to  the  pleurss  of  the  lower  segments  of 
the  body,  the  nearer  approach  and  bending  over  of  the  glabella 
towards  the  anterior  margin,  the  continuance  of  the  basal  groove 
across  the  glabella,  and  in  the  anterior  portion  of  the  body  being 
more  parallel-sided.  The  character  of  the  tail  appears  in  all  respects 
to  agree  with  that  of  0.  micrurua. 

It  is  distinguished  from  0.  biaulcatua,  Phil.,  by  the  absence  of  the 
mesial  spine  on  the  cephalic-shield. 

The  marked  difference  in  the  size  of  these  Trilobites  (as  before 
mentioned)  would  undoubtedly  suggest  the  probable  presence  of  two 
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species,  yet  after  a  careful  examination  of  the  larger  specimens, 
which  are  unfortunately  only  fragments,  the  characters  appear  to  be 
the  same  as  those  of  the  smaller  ones  just  descrihed,  and  therefore,  until 
better  specimens  can  be  found,  they  are  regarded  as  the  same  species. 

OhoUUa  grantdaia,  S.,  sp.  nov. 

Locality, — Lane  on  the  south  side  of  Purley  Park,  near  Atherstone. 

Only  two  specimens  have  been  collected  by  the  Survey,  and 
although  somewhat  imperfect,  yet  they  exhibit  characters  separating 
them  from  previously  described  species. 

On  first  viewing  the  specimens,  the  form  and  general  appearanoe 
of  Siphonotreta  is  strongly  suggested,  but  the  structure  and  orna- 
mentation is  found  on  closer  examination  to  differ  considerably  from 
it ;  radiating  ribs  apparently  underneath  the  general  surface  of  the 
shell  are  clearly  seen  extending  from  the  beak  towards  the  margin, 
and  these  commencing  and  terminating  irr^pilarly,  none  however 
quite  reaching  from  the  beak  to  the  margin  of  the  shell. 

The  surface  of  the  whole  shell  is  minutely  granulated,  giving  an 
appearance  of  very  fine  concentric  wavy  lines.  The  umbonal  region 
not  being  quite  perfect  prevents  any  definite  determination  of  the 
genus,  but  provisionally  it  is  placed  with  Oboldla. 

V. — On  the  FrTNNON  Beuno  and  Cab  Gwtn  Caves. 
By  HufRT  Hicxs,  M.D.,  F.R.S.,  F.G.8. 

THE  best  reply  that  I  can  make  to  Prof.  Hughes'  remarks,  in  the 
Gbolooioal  Magazine  for  November,  on  the  Ffynnon  Beuno 
Caves,  is  to  publish  the  substance  of  the  report  presented  to  the 
British  Association,  especially  as  an  opportunity  will  be  given  to 
those  interested  in  the  inquiry  to  examine  the  section  during  the 
further  explorations  to  be  carried  on,  probably  in  the  month  of  June 
next  year.  Some  of  his  statements — especially  as  regards  the  position, 
of  the  fence,  which  is  entirely  at  the  opposite  end  of  the  cavern  to 
that  at  which  the  flint  flake  was  found,  also  as  to  the  position  of  the 
flake,  and  the  nature  of  the  deposits  overlying  it — are  so  entirely 
misleading,  that  I  can  only  account  for  such  statements  being  made 
by  the  fact  that  Prof.  Hughes  did  not  visit  the  section,  though 
strongly  urged  by  me  to  do  so,  until  it  had  been  almost  entirely 
covered  over,  and  work  for  the  time  suspended,  and  by  his  hasty 
survey  of   the  surrounding  conditions.^     That  such  experienced 

^  It  is  suiprismg  that  Prof.  HugheB  did  not  recognize  that  the  accnmolation  against 
tbe  npper  side  of  the  old  fence,  **  nntdl  there  is  now  a  drop  of  eight  feet  to  the  le?el  of 
the  ground  on  the  lower  side  of  the  fence,**  mentioned  oy  him  as  of  snch  mat  im- 
portance, is  merely  material  conveyed  there  daring  the  explorations.  Before  work 
was  commenced,  the  space  between  the  old  fence  and  the  entrance  was  almost  bare 
rock,  and  there  was  nothing  resting  against  the  fence.  No  wonder  then  that  he  should 
hare  come  to  the  conclusion  that  this  was  remani6  drift,  and  that  he  thought  he  recog- 
nized on  some  of  the  stones  '*  traces  of  amcultural  implements  as  well  as  true  Glacial 
striae."  The  remarkable  thing  is  that  he  should  not  hare  recognized  the  differenoe 
between  thii  very  recently  mixed  material  near  the  old  entrance  and  the  stratified 
deposits  in  the  shaft  at  the  other  end  of  the  cavern.  The  term  **  Clwydian,"  if  it  is 
at  all  advisable  to  give  local  names  to  drift,  is  a  most  unsuitable  name  for  the  undit- 
turbed  glacial  deposits  on  the  higher  levels,  and  should  be  confined  to  those  at  and 
about  St.  Asaph,  which  are  at  a  low  level  near  the  centre  of  the  Yale  of  Clwyd,  and 
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geologists  as  Prof.  Boyd  Dawkins,  Mr.  Morton,  Mr.  De  Eanoe,  Mr. 
Strahan,  Mr.  Shone,  and  Dr.  8tolterfoth,  should,  after  careful 
examination,  have  been  perfectly  satisfied  diat  the  Glacial  deposits 
overlying  the  flake  and  Mammalian  remains  were  in  an  entirely  un- 
disturbed condition,  and  that  they  agreed  with  the  views  of  the 
members  of  the  Committee  (Mr.  Luxmoore,  Mr.  P.  P.  Pennant,  Mr. 
E.  Morgan,  and  myself),  who  were  almost  daily  present  at  the 
explorations,  is,  I  think,  ample  proof  that  Prof.  Hughes*  deductions 
are  entirely  at  variance  with  the  facts. 

£eport  of  the  Committee,  connsting  of  Professor  T.  MoK.  Hughes,  M.A.,  F.6.S., 
H.  Hicks,  M.D.,F.R.S.,H.  Woodward,  LL.D.,  F.a.S.,  E.  B.  Luxmoore,  M.A., 
P.  P.  Pennant,  M.A.,  and  Edwin  Morgan,  appointed  for  the  purpose  of  explor- 
ing the  Caves  of  NorUi  Wales. — Drawn  up  by  Dr.  H.  Hicks,  Secretary. 

The  explorations  conducted  by  the  Committee  have  been  confined 
to  the  caverns  of  Ffynnon  Beuno  and  Oae  Gwyn,  in  the  Yale  of 
Qwyd.  These  caverns  had  been  explored  in  preceding  years  by 
Dr.  H.  Hicks  and  Mr.  E.  B.  Luxmoore,  some  of  the  results  being 
g^ven  in  a  paper  communicated  to  the  Geological  Section  of  the 
Association  in  1885,  but  more  fully  in  a  paper  in  the  Quart.  Joum. 
Oeol.  Soo.  February,  1886. 

btween  the  important  rirers  Elwr  and  Clwyd.  This  is  in  the  main  part  remani^, 
and  as  8uch|the  term  **  Clwydian'^  might  be  implied  to  it.  The  undisturbed  elacial 
ceposits,  stratified  marine  sands,  and  the  overlying  clay,  containing  large  boulders  of 
!ocal  rocks  and  northern  erratics,  found  at  Cae  uwyn  and  at  so  many  other  points  in 
the  neighbourhood  at  a  high  level  far  away  from,  and  beyond  the  mfluence  of  any 
important  river,  oufht  not,  on  any  account,  to  be  termed  '*  Clwydian."  The  true 
gl^ial  deposits  which  overlaad  the  Mammalian  remains  and  flint  flake  at  the  entrance 
to  Cae  Gwyn  Cave  belong  to  a  much  earlier  phase  than  the  Clwydian  drift  about  St. 
Asaph  and  at  other  low  levels  in  the  valley,  bordering  the  great  rivers.  The  Cefn  and 
Plas  Heaton  Caves,  mentioned  by  Prof.  Hughes,  are  also  at  a  very  much  lower  level 
than  the  Ffynnon  Beuno  Caves,  and  are  so  near  to  the  rivers  that  I  do  not  think 
the  evidence  furnished  by  them  can  be  quoted  as  of  much  value  either  way,  though  it 
ii  well  known  that  many  have  contended  that  the  evidence  in  the  Cem  Cave  was 
distinctly  in  favour  of  its  having  been  occupied  by  the  animals  before  the  great  sub- 
men^ence  in  the  Glacial  period.  The  evidence  cited  by  Mr.  Strahan,  in  his  recent 
Bzcellent  Memoir,  as  havmg  been  obtained  in  sinking  shafts  at  the  Talargoch  mines, 
)onclusively  proves  that  Mammalian  remains  occur  there  in  the  very  lowest  glacial 
leposits.  It  is  the  great  height  at  which  the  Ffynnon  Beuno  Caves  occur,  the  im- 
possibility of  their  having  been  disturbed  by  fresh  water,  the  evidence  of  their  having 
been  occupied  as  dens  before  the  great  submergence,  of  the  stalagmite  floor  having 
9een  broken  up  by  marine  action,  of  the  bones  having  been  caseid  in  marine  sand, 
and  of  the  caverns  havinff  afterwards  been  completely  buried  under  marine  sand  and 
an  overlyiuff  undoubted  boulder  clay,  containing  many  large  ice-scratched  boulders, 
that  make  the  evidence  found  in  them  and  in  their  immediate  neighbourhood  of  such 
great  value.  The  facts  in  my  opinion  are  conclusive,  and  they  cannot  be  altered  by 
any  amount  of  special  pleading.  Prof.  Hughes'  argument  about  the  absence  of 
flint  and  other  foreign  rocks  in  what  he  calls  the  oldest  deposit,  is  founded  on  nega- 
tive evidence  derived  from  a  limited  examination.  Mr.  Strahan,  the  latest  authority 
on  the  drift  of  this  area,  says  (Geol.  Survey  Mem.  1886),  **  The  passage  from  the  one 
Boulder  clay  into  the  o^er  is  gradual,  nor  can  it  be  said  that  one  under  or  overlies 
the  other.  They  were  no  doubt  formed  contemporaneously,  differing  only  in  the 
source  of  supply  of  material."  Sir  C.  Lyell  in  speaking  of  the  Moel  Tryfaen  beds 
says  (*«  Studenrs  Elements,*'  1871),  **  In  the  lowest  beds  of  the  drift  were  large 
heavy  boulders  of  far-transported  rocks,  glacially  polished  and  scratched  on  more  than 
one  side."  Prof.  Hughes  paleontoloe^  argument  is  found  on  examination  to  be 
almost  equally  inapplicable,  as  a  very  larfe  proportion  of  the  animals  occur  in  the 
Norfolk  torest-bed,  which  is  acknowledged  by  all  to  be  of  pre-Glacial  age.  The  fact 
that  some  others  have  not  been  found  in  the  caverns  probably  indicates  that  they  did 
not  migrate  into  this  area. 
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Among  the  remains  discovered  in  these  two  caTems  np  to  the 
commenoement  of  the  work  this  year  there  were  over  eighty  jawi 
belonging  to  various  animals,  and  more  than  1300  loose  teeth,  ia- 
clnding  about  400  Rhinoceros,  15  Mammoth,  180  Hyaena,  and  5O0 
Horse  teeth.     Other  bones  and  fragments  of  bonee  oocarred  also  h 
veiy  great  abnndance.    Several  flint  implements,  inolnding  flakes, 
scrapers,  and  lance-heads,  were  found  in  association  with  the  bono. 
The  most  important  evidence,  however,  obtained  in  previous  re- 
searches was  that  bearing  on  the  physical  changes  to  which  the  am 
most  have  been  subjected  since  the  caverns  were  occupied  by  tie 
animals.    During  the  excavations  it  became  dear  that  the  bonee  hid 
been  greatly  disturbed  by  water  action,  that  the  stalagmite  floor,  in 
parts  more  than  a  foot  in  thickness,  and  massive  stalactites  had  ako 
been  broken  and  thrown  about  in  all  positions,  and  that  these  hid 
been  covered  afterwards  by  clays  and  sand  containing  foreign  pd>- 
bles.    This  seemed  to  prove  that  the  caverns,  now  400  feet  abcw 
Ordnance  datum,  must  have  been  submerged  subsequently  to  tbtir 
occupation  by  the  animals  and  by  Man.    One  of  the  principal  objeoa, 
therefore,  which  the  Committee  had  in  view  this  year  was  to  criticaly 
examine  those  portions  of  the  caverns  not  previously  explored,  so  I9 
to  endeavour  to  arrive  at  the  true  cause  of  the  peculiar  condition 
observed.    Work  was  commenced  at  the  end  of  May,  and  carried  (n 
during  the  whole  of  June  and  parts  of  July  and  August 

Cab  Gwyh  Cav«. 

When  the  explorations  were  suspended  last  year,  it  was  supposec 
that  we  had  just  reached  a  chamber  of  considerable  size,  but  aiter  a 
few  days'  work  this  year  it  was  found  that  what  appeared  to  be 
a  chamber  was  a  gradual  widening  of  the  cavern  towards  a  covered 
entrance.  The  position  of  this  entrance  greatly  surprised  us,  at 
hitherto  we  had  believed  that  we  were  gradually  getting  further  inti 
the  limestone  hill.  The  rise  in  the  field  at  this  point,  howeve:^ 
proved  to  be  composed  of  a  considerable  thickness  of  glacial  deposili 
heaped  up  against  a  limestone  cliff.  As  the  materials  covering  tb 
bone-earth  within  and  at  the  entrance  were  chiefly  sands  and  graved 
it  was  found  necessary  to  suspend  operations  in  that  direction  and  b 
ask  the  landlord  (E.  Morgan,  Esq.)  for  permission  to  open  a  shai 
directly  over  this  entrance  from  the  field  abova  As  this  necessi- 
tated the  removal  of  a  considerable  surface  of  land,  and  caused  som3 
damage  to  the  field,  the  Committee  feel  that  their  special  thanks  ar) 
due  to  Mr.  Morgan  for  his  kindness  in  so  readily  acceding  to  their 
application.  This  shaft,  as  at  first  opened,  was  about  nine  fee; 
across  at  the  surface  and  over  five  feet  at  the  bottom.  It  was  sub 
sequently  widened  at  the  bottom  in  consequence  of  some  falls  anc 
the  lower  part,  excepting  at  one  point,  had  to  be  carefully  faced  with 
timber.  The  upper  part  is  now  much  widened  and  sloped.  The 
shaft  was  about  twenty  feet  in  depth,  and  the  deposits  as  shown  in 
Fig.  1  were  made  out  in  it  These  were  carefully  measured  by  Mr. 
C.  E.  de  Banoe,  F.G.S.,  Mr.  Luxmoore,  and  the  writer  during  the 
prosecution  of  the  work.    Below  the  soil,  for  about  eight  feet,  a 
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tolerably  stifif  boulder  clay,  oontaining  many  ice-scratohed  boulders 
and  narrow  bands  and  pockets  of  sand,  was  found.  Below  this 
there  were  about  seven  feet  of  gravel  and  sand,  with  here  and  there 
bands  of  red  clay,  having  also  many  ice-scratched  boulders.  The 
next  deposit  met  with  was  a  laminated  brown  clay,  and  under  this 
was  found  the  bone-earth,  a  brown,  sandy  clay  with  small  pebbles 
and  with  angular  fragments  of  limestone,  stalagmite,  and  stalactites. 


m.eixi. 

ywithboulden, 

amy  clay,  7  in. 
alder  clay,  9  in. 

lish  clay  with 
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>)ntained  also  a 
lie,  from  2  to  5  ft. 


A,  CarboniferoTu  Limestone.  0   Position  of  the  flint  flake. 

Fig.  1.  Section  at  New-Entrance  to  Cae  Gwyn  Cave. 
On  June  28,  in  the  presence  of  Mr.  G.  H.  Morton,  F.G.S.,  of  Liver- 
pool, and  the  writer,  a  small  but  well-worked  flint  flake  was  dug  up 
from  the  bone-earth  on  the  south  side  of  the  entrance.  Its  position 
was  about  eighteen  inches  below  the  lowest  bed  of  sand.  Several 
teeth  of  Hysena  and  Beindeer,  as  well  as  fragments  of  bone,  were 
also  found  at  the  same  place,  and  at  other  points  in  the  shaft  teeth 
of  Rhinoceros  and  a  fragment  of  a  Mammoth's  tooth.  One  Rhinoceros 
tooth  was  found  at  the  extreme  point  examined,  about  six  feet  beyond 
and  directly  in  front  of  the  entrance.  It  seems  clear  that  the  con- 
tents of  the  cavern  must  have  been  washed  out  by  marine  action 
during  the  great  submergence  in  mid-Glacial  time,  and  that  they 
were  afterwards  covered  by  marine  sands  and  by  an  upper-boulder 
clay,  identical  in  character  with  that  found  at  many  points  in  the 
Vale  of  Clwyd  and  in  other  places  on  the  North  Wales  coast  Figs. 
2  and  3  explain  the  order  of  the  deposits  as  found  within  the  cavern. 
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Fig.  3  was  taken  at  a  distanoe  of  about  sixteen  feet  from  the  entranos 
at  the  shaft,  and  Fig.  2  just  within  that  entrance.  The  order  in  that 
portion  of  the  oayem  examined  this  year  aooorded  in  the  midn  with 
that  found  during  the  previous  researches,  but  within  the  ^itranoe 
there  was  a  greater  thickness  of  sand,  less  of  the  laminated  clay, 
and  more  bone-earth  than  in  the  other  parts  of  the  cavern.  The 
bone-earth  seems  to  diminish  in  thickness  rather  rapidly  outwards 
under  the  glacial  deposits,  but  it  was  found  as  far  out  as  the  excava- 
tions have  been  made.  Here  the  bone-earth  rests  directly  on  the 
limestone  floor,  with  no  local  gravel  between,  as  in  the  oavem* 


Sand       .... 
Laminated  clay 


Bone  eartih 

(Sandy  olay  with  pebbles,  etc) 


Orayel _. 

(Mainly  local  materials.) 

Fig.  2.  Section  in  Cae  Gwyn  Cate,  near  the  ^ew  Entrance. 


Sandy  clay 

Laminated  clay 

Bone  earth 

(Sandy  clay  with  pebbles,  etc.) 

Gravel    .....••• 
(Mainly  local  materials.) 


Fig.  3.  Section  in  Cae  Gwyn  Cave,  abont  16  feet  from  the  New  Entnuioe. 

It  would  be  interesting  to  know  how  far  the  cave  earth  extends 
under  the  glacial  deposits,  but  this  could  only  be  ascertained  by 
making  a  deep  cutting  through  the  terrace  of  glacial  deposits,  which 
extends  for  a  considerable  distaivce  in  a  westerly  direction.  The 
glacial  deposits  here  are  undoubtedly  in  an  entirely  undisturbed  con- 
dition, and  are  full  of  smooth  and  well-scratched  boulders,  many  of 
them  being  of  considerable  size.  Among  the  boulders  jfbund  are 
granites,  gneiss,    quartzites,   flint,  felsites,  diorites,  volcanio  asb, 
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Silurian  rooks,  and  limestone.  Silurian  rocks  are  most  abundant 
It  is  dear  that  we  have  here  rooks  from  northern  sou  roes,  along  with 
those  from  the  Welsh  hills,  and  the  manner  in  which  the  limestone 
at  the  entrance  to  the  cavern  in  the  shaft  is  smoothed  from  the  north 
would  indicate  that  to  be  the  main  direction  of  the  flow.  The  marine 
Bands  and  gravels  which  rest  immediately  on  the  bone-earth  are  pro- 
bably of  the  age  of  the  Moel  Tryfaen  and  other  high-level  sands,  and 
the  overlying  clay  with  large  boulders  and  intercalated  sands  may 
be  considered  of  the  age  of  the  so-called  upper-boulder  clay  of  the 
area.  The  latter  must  evidently  have  been  deposited  by  coast-ice. 
'Whether  the  caverns  were  occupied  in  pre-  or  only  in  inter-glacial 
times  it  is  difficult  to  decide,  but  it  is  certain  that  they  were  fre- 
quented by  Pleistocene  animals  and  by  Man  before  the  character- 
istic glacial  deposits  of  this  area  were  accumulated.  The  local  gravel 
found  in  the  caverns,  underlying  the  bone-earth,  must  have  been 
washed  in  by  streams  at  an  earlier  period,  probably  before  the  exca- 
vation of  the  rocky  floor  of  the  valley  to  its  present  depth.  From 
the  glacial  period  up  to  the  present  time  excavation  has  taken  place 
only  in  the  glacial  deposits,  which  must  have  filled  the  valley  up 
to  a  level  considerably  above  the  entrances  to  the  caverns.  The 
characteristic  red  boulder  clay  with  erratic  blocks  from  northern 
sources  is  found  in  this  area  to  a  height  of  about  500  feet,  and  sands 
and  gravels  in  the  mountains  to  the  S.E.  to  an  elevation  of  about 
1400  feet  The  natural  conclusion  therefore  is  that  the  caverns 
were  occupied  by  an  early  Pleistocene  fauna  and  by  Man  anterior  to 
the  great  submergence  indicated  by  the  high-level  marine  sands,  and 
therefore  also  before  the  deposition  of  the  so-called  great  upper- 
boulder  clay  of  this  area.  As  there  is  no  evidence  against  such  a 
view,  it  may  even  be  legitimately  assumed  that  the  ossiferous  remains 
and  the  flint  implements  are  of  an  earlier  date  than  any  glacial 
deposits  found  in  this  area. 

Ffynnon  Beuno  Cavk. 

This  cavern,  which  yielded  the  greatest  number  of  bones  in  the 
previous  researches,  has  now  been  cleared  out  in  all  those  parts 
where  the  deposits  appeared  to  have  been  undisturbed  by  Man.  A 
considerable  addition  to  the  number  of  bones  and  teeth  has  been 
made  this  year,  but  no  new  forms  have  to  be  added  to  those  already 
mentioned. 

The  animal  remains  found  in  the  caves,  as  defined  by  Mr.  W. 
Davies,  F.G.S.,  of  the  British  Museum,  comprise  teeth  and  bones  of 
eleven  genera  and  sixteen  species,  as  shown  by  the  annexed  list : — 


Lion  {FelU  Isoj  var.  ipekea). 
"Wild  Cat  (P.  eatus/erus). 
Spotted  Hysna  {H.  eroeuta,  yar. 

tpelaa). 
Wolf  {CanU  lupus). 
Fox  {C,  vulpet). 
Bear  {Urnu,  sp.). 
Badger  {Melet  taxm). 
Wild  Boar  (  8ut  terofa). 


Bovine  {Bot  ?  Bison  ?). 

Great  Irish  Deer  {Cervus  gigantem). 

Red  Deer  {Cervus  daphui). 

Roebuck  {C.  capreolwt). 

Reindeer  \C.  tarandus). 

Horse  {£quu8  eaballua). 

Woolly  Rhinoceros  (R,  tiehorhinm). 

Mammoth  {EUphat  primigeniui) . 
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L— November  8,  1886.— Prof.  J.  W.  Judd,  F.B.S.,  President, 
in  the  Chair. 

The  President  noticed  the  presentation,  on  the  part  of  Br.  Hector, 
of  a  preliminary  report  of  the  late  eruptions  in  New  Zealand,  and 
stated  that  Dr.  Hector  hoped  shortly  to  communicate  a  paper  to  the 
Society  on  the  subject ;  papers  had  also  been  sent  or  promised  on  the 
same  subject  by  other  New  Zealand  geolog:ists,  and  it  was  hoped  that 
before  long  the  Society  would  be  in  possession  of  very  full  accounts  of 
these  remarkable  volcanic  outbursts. 

The  following  oommnnioations  were  read : — 

1.  <'0n  the  Skull  and  Dentition  of  a  Triassic  Saurian,  Galssaurtu 
planiceps,  Ow."    By  Sir  Eichard  Owen,  K.C.B.,  F.E.8.,  F.G.S.,  etc. 

The  author  referred  to  a  fossil  skull  from  the  Triassic  sandstone  of 
South  Africa,  which  combined  dental  characters  resembling  those  of 
a  carnivorous  Mammal  with  the  cranial  structure  of  a  Saurian.  The 
structure  was  described  and  figured  in  Owen's  '  Catalogue  of  the  Fossil 
Beptilia  of  South  Africa,'  under  the  generic  title  of  Oaleaaurus,  as 
beloDging  to  a  distinct  suborder  of  Beptilia,  termed  Theriodontia. 

The  characters  of  the  skull  and  teeth  of  the  original  specimen  of 
Galeaaurus  have  been  brought  to  light  by  further  development. 

In  both  the  type  specimen  and  that  lately  received  the  reptilian 
nature  of  the  fossil  is  indicated  by  the  single  occipital  condyle  and 
other  features.  The  chief  difference  from  a  mature  male  of  a  placental 
or  marsupial  carnivore  is  the  evidenoe  of  a  primordial  '*  gullet-tract," 
Further  details  as  to  the  structure  of  the  skull  were  given,  more 
especially  with  reference  to  the  orbits  and  nasals.  The  palatal  region 
repeats  the  same  general  characters  as  in  previously  described  Therio- 
donts.  The  angle  of  the  jaw  is  not  produced,  as  in  the  Crocodile, 
beyond  the  articular  element.  In  general  shape  and  bony  strength  the 
mandible  of  Galesaurus  resembles  that  of  a  mammal. 

The  dentition  is  so  much  better  preserved  in  the  new  specimen  than 
in  the  type  Galesaur  as  to  call  for  description;  and  illustration.  In 
four  of  tiie  upper  molars  the  entire  crown  is  preserved ;  it  shows  less 
length  and  greater  breadth  than  appears  in  the  previous  restoration,  is 
moderately  curved  externally,  and  triangular ;  the  base  is  flanked  by  a 
short  cusp  before  and  behind,  and  the  corresponding  margins  are  finely 
crenulate,  as  in  the  molars  of  Cynodraeon,  The  incisors  are  eight  in 
number  in  both  upper  and  lower  jaws,  four  in  each  premaxillary, 
opposed  or  partially  interlocking  with  the  same  number  in  each  mandi- 
bular ramus ;  they  have  longish,  slender,  simple-pointed  crowns.  The 
canines,  one  on  each  side  of  both  upper  and  lower  jaws,  have  the  same 
laniariform  shape  and  size  of  crown  as  in  thi  original  fossil.  In  the 
right  maxillary  bone  the  long  deeply  planted  root  is  exposed ;  the  cor- 
responding part  of  the  lower  canine  is  similarly  exposed  in  the  left 
mandibular  ramus.  No  trace  of  successional  teeth,  as  in  ordinary 
Saurians,  has  been  found. 

Both  Crocodiles  and  Alligators  have  two  or  more  teeth  of  canine  pro- 
portions ;  but  the  author  shows  how  they  differ  from  those  of  mammaiian 
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carnivores  and  Oalesaurus,  A  similar  character  aod  disposition  of 
destructive  canines  is  shown  by  the  foRsil  jaws  of  the  Oolitic  great 
extinct  carnivorous  Saurians,  e.g.  Megalosaurus,  In  the  Triapsic 
Labyrinthodonts  the  destructive  and  prehensile  laniaries  would  by 
position  rank  as  incisors  rather  than  canines.  In  existing  Lizards  the 
dental  series  has  more  uniformity,  and  the  cement-clad  roots  contract 
bony  union  with  the  jaw-bone.  In  GalesaurtM  the  teeth,  besides  being 
distinguished,  as  in  Mammals,  by  their  differential  characters,  are 
implanted  freely  in  sockets,  the  cold-blooded  character  being  chiefly 
manifested  in  the  greater  number  of  teeth  following  the  canines,  and  in 
their  want  of  distinction. 

Lastly,  the  author  remarked  on  the  earlier  reptilian  character  shown 
by  the  Oolitic  Mammal  Amphitheriumy  and  also  by  the  existing  Australian 
Myrmecohius,  He  speculates  on  the  degree  of  resemblance  manifested 
by  the  teeth  of  the  old  Triassic  Eeptile  of  South  Africa  with  the  excep- 
tional characters  of  some  of  the  low  Australian  forms  of  Mammals. 

2.  "  The  Cetacea  of  the  Suffolk  Crag,"  By  R.  Lydekker,  Esq., 
B.A.,  P.G.S.,  etc. 

This  paper  commenced  with  notices  of  previous  contributions  to 
the  subject  by  Sir  R.  Owen,  Prof.  Ray  Lankester,  Prof.  Huxley,  and 
Prof.  Plower.  In  the  preparation  of  a  catalogue  of  the  specimens 
in  the  British  Museum,  the  author  had  had  occasion  to  examine  the 
collection  of  Cetacea  from  the  Crag,  not  only  in  that  Museum,  but 
also  in  the  Museum  of  Practical  Geology,  that  of  the  Royal  College 
of  Surgeons,  and  in  the  Ipswich  Museum,  besides  visiting  the  collec- 
tions at  Brussels.  In  consequence  several  additions  to  the  fauna  and 
also  numerous  emendations  of  specific  names  were  noticed  in  the  paper 
now  laid  before  the  Society.  Prof.  Ray  Lankester's  views  as  to  the 
Biestian  affinities  of  the  English-Crag  Cetacea  were  confirmed  by  this 
comparison. 

Detailed  notes  on  the  specimens  examined  and  the  species  identified 
were  given.  The  following  list  of  the  species  believed  to  be  repre- 
sented in  the  various  collections  mentioned  was  given  at  the  conclusion 
of  the  paper : — 

BALJEENID.S. 


BaUBtM  affinity  Owen. 

„      primigenia,  van  Beneden. 
„      imtgnit  (van  Beneden). 
„      baitenopsis  (van  Beneaen). 
Megaptera  affinity  van  Beneden. 
,,        aimiiia  (ran  Beneden). 
,,        minutut  (ran  Beneden). 
Baitmoptera  definita  (Owen). 

„         Owopiy  Tan  Beneden. 


BaUtnoptera  boreaiiHa,  van  Beaeden. 

„         emarginata  (Owen). 
Cetotherium  BrttUmonti  (van 


dubium  (van  Beneden). 
„  Huptehi  (van  Beneden). 

„  brevi/rons  {yoji  Beneden), 

Herpetoeeiut  ieaidiemis  (van 
Beneden). 


PHTSBTBaiDiB. 


Eueetua  amblgodon,  da  Bns. 
Eomoeetua  Villeraif  da  Bos. 
Balanodon  phytaioidetj  Owen. 
Fhyaodon  grandis  (da  Bus). 

„       futiformit  f  (da  Bos). 
Eoploeetut  crasaidmtt  Gervais. 

„        borgehtmiensiSf  Gerrais. 

„        erauidensf  Gfervais. 
Hyperoodon^  sp. 
ChoneziphiuB  planirottris  (Cayier). 


Choneziphius  planut  (Owen). 

„  Faekardiy  Lankester. 

Mesoplodon  longirastrit  (Oarier). 

„        tenuirottria  (Owen). 

„        gibbua  (Owen). 

„        anguatua  (Owen). 

„        angulatua  (Owen). 

„        compreaaua  (Huxley). 
Flowari,  Canham  MS. 
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BQUALODONTIDiB. 

Sgualodon  antverpiensia^  yan  Beneden. 

DlLPHlNIDiB. 

Orea  citonimtiSf  CapeUini.  I      Delpkinoid  geniu,  uon  deU 

Globieephalm  uncidetu  (Lankeeter),      | 

8.  "  On  a  Jaw  of  JETyotherium  from  the  Pliocene  of  India,"  By  R. 
Lydekker,  Esq.,  B.A.,  F.G.S.,  etc. 

Colonel  Watson,  the  Political  Eesident  in  Kattiawar,  had  recently 
sent  to  the  author  a  fragment  of  a  left  maxilla  with  the  three  true 
molars  from  Perim  Island,  in  the  Gulf  of  Cambay.  The  specimen 
belonged  to  Hyotherium,  and  apparently  to  an  undescribed  species, 
the  differences  between  which  and  the  several  forms  previously  known 
from  various  European  and  Asiatic  beds,  were  pointed  out.  The 
author  also  called  attention  to  the  peculiar  association  of  types  found 
in  the  beds  of  Perim  Island,  and  to  the  affinities  of  the  genns 
Hyotherium  with  the  recent  8u%  and  Bicotyles  on  the  one  hand,  and 
with  the  Upper  Eocene  ChceropotamuB  on  the  other. 


THE  FACETTED  BLOCKS  FROM  THE  PUNJAB  SALT  RANGE. 

Sir, — Had  I  been  aware  that  the  abstract  of  my  remarks  "  On  a 
Smoothed  and  Striated  Boulder  from  a  Pretertiary  Deposit  in  the 
Punjab  Salt  Range"  would  appear  in  the  Geologicix  Mao^ikb, 
together  with  Mr.  Wynne's  notes  on  another  facetted  fragment  from 
the  same  bed,  I  would  have  asked  permission  to  add  a  few  observations. 

The  great  difficulty  in  accounting  for  the  origin  of  these  facetted 
blocks  is  that  whilst  the  smoothed  surfaces  are  in  every  respect  similar 
to  those  on  stones  worn  by  glacial  action,  no  fragments  from  moraines, 
from  boulder-clay,  or  from  other  glacial  deposits  are  known  to  exhibit 
the  peculiar  facetting  characteristic  of  the  present  specimens.  I  have 
heard  of  something  similar,  but  have  not  seen  an  example.  Other 
geologists  who  have  a  wide  experience  of  smoothed  and  striated 
boulders  are  equally  puzzled. 

At  the  British  Association  meeting  two  suggestions  were  offered  as 
to  the  cause  of  the  markings — the  first  was  soil  cap  action ;  this, 
however,  could  not  have  produced  the  facets,  nor,  unless  it  acted  in 
two  or  more  directions  at  the  same  time,  could  it  have  caused  the 
striation.  The  other  suggestion  was  wind  and  sand  action,  by  which 
similarly  facetted  blocks  are  said  to  have  been  produced  in  Australia. 
My  objections  to  this  view  are  that  wind  and  sand  action  never,  so  far 
as  I  have  seen,  produce  plane  surfaces,  that  the  striation  (or  rather 
grooving)  on  wind-worn  surfaces  is  of  a  different  character,  and  that 
the  wind-worn  fragments  sent  from  !New  Zealand  by  Mr.  Enys,  and 
figured  in  the  Quart.  Joum.  Geol.  Soc.  for  1878  (xxxiv.  p.  86),  as  well 
as  some  described  in  the  American  Naturalist  (occurring,  I  think,  in 
Maine),  have  no  resemblance  to  the  Punjab  specimens.  Further  and  very 
cogent  arguments  are  supplied  by  Mr.  Oldham  in  a  paper  which  I  trust 
will  shortly  be  published  in  this  Magazine. 

Before  concluding,  may  I  point  out  that  felspar-porphyry  on  p.  494 
is  a  misprint  for  felsite-porphyry. 

Kov.  8M,  1886,  W.  T.  Blawpobd. 
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THE  FOLIATION  OP  THE  LIZARD  GABBRO. 

Sib, — Students  of  petrology  will,  I  am  sare,  feel  indebted  to  my 
friend  Mr.  Teall,  no  less  for  his  valuable  paper  on  the  Lizard  Gabbro 
than  for  the  admirable  Plate  with  which  it  is  illustrated.  He  has 
stated  very  clearly  the  reasons  in  favour  of  ascribing  the  peculiar 
rock-structure,  there  described  and  depicted,  directly  or  indirectly  to 
mechanical  influences.  In  this  it  is  quite  possible  he  may  be  right 
But,  inasmuch  as  there  seems  to  me  some  danger  at  the  present 
time  of  overestimating  the  part  played  by  mechanical  agencies  in 
producing  the  crystalline  schists — a  part  which  hitherto  undoubtedly 
has  been  much  underestimated — a  danger  in  short  of  supposing  that 
a  truth  is  **  the  truth,  the  whole  truth,  and  nothing  but  the  truth," 
I  venture  to  put  a  few  words  on  record,  not  so  much  by  way  of 
protest  or  criticism,  as  for  the  purpose  of  showing  that  in  Mr.  Teall's 
proposed  solution  of  this  puzzle  there  are  difficulties  on  which  he 
does  not  dwell,  so  that  it  ought  at  present  to  be  regarded  as  an 
hypothesis  on  its  probation,  and  should  not  be  quoted  (as  I  feel  sure 
it  would  otherwise  be)  as  an  undoubted  fact  My  remarks,  be  it 
understood,  must  be  regarded  as  directed,  not  against  the  general 
principle,  of  which  this  Lizard  gabbro  would  be  a  particular  case, 
but  against  the  application  of  the  principle  to  this  case. 

The  difficulties  which  I  feel  may  be  thus  stated.  If  the  foliation 
of  the  Lizard  gabbro  is  the  result  of  earth-movements  acting  on  the 
rock  afler  it  became  solid,  these  movements,  having  resulted  in 
effects  of  an  exceptional  character,  should  have  been  of  exceptional 
importance — that  is  to  say,  the  whole  district  should  bear  the  impress 
of  the  same  earth -movement  that  has  foliated  the  gabbro.  Mr.  Teall 
states  indeed  :  ''that  the  Lizard  district  has  been  profoundly 
affected  by  earth  movements  is  apparent  on  every  hand."  Speaking 
for  myself,  I  should  prefer  to  read  *  considerably '  for  *  profoundly,' 
so  far  as  regards  the  earth-movements  to  which  we  could  ascribe  the 
foliation  of  the  gabbro.  I  am  well  acquainted  with  three  large 
separate  areas  of  country  which  have  been  *  profoundly  affected  by 
earth -movements '  since  their  rocks  became  solid,  and  I  do  not  find 
a  parallel  to  them  in  the  Lizard,  except  perhaps  at  the  extreme  south 
and  near  the  great  boundary  fault  on  the  north.  There  are  un- 
doubtedly numerous  dislocations  (as  I  have  pointed  out  in  one  of  my 
papers  on  the  district) ;  there  are  endless  wrenches,  slips  and  nips ; 
but  there  are  few  signs  of  a  great  compression  such  as  may  often  be 
traced  through  whole  regions  of  crystalline  rock  almost  as  surely 
(when  the  key  to  it  is  once  found)  as  a  slaty  cleavage  in  one  of  sedi- 
mentary rock.  This  foliation  of  the  Lizzard  Gabbro,  as  Mr.  Teall 
truly  says,  comes  in  and  disappears,  even  in  the  thin  veins,  in  appa- 
rently the  most  arbitrary  manner.  This  of  course  is  perplexing  in 
any  theory  of  its  origin.  I  only  quote  it  to  show  that  our  difficulties 
are  so  far  not  diminished  by  the  new  one.  Again,  the  foliation  often 
occurs  where  the  neighbouring  rocks  show  little  or  no  signs  of 
material  disturbance.  I  do  not  say  that  the  contrary  is  not  some- 
times the  case,  but  near  the  Balk  (or  Pen  Yoose),  and  to  the  north 
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of  Earakolews,  and  at  Coveraok  this  is  tbe  case.  Serpentine  is  a 
decidedly  brittle  rock.  Any  one  who  knows  the  Alps  is  familiar  with 
it«  pressure-modifications.  Yet  the  serpentine  at  all  these  three 
places,  as  a  rule,  is  singularly  perfect  in  its  structure,  free  from 
all  indications  of  serious  mechanical  disturbanoe.  There  are,  I  am 
well  aware,  serpentines  at  the  Lizard  which  might  be  quoted  as 
evidencing  'pressure-structure,'  but,  as  it  happens,  these  do  not 
occur  at  any  one  of  the  three  localities  where  the  foliated  gabbros 
exist  At  all  three  the  serpentines  are  perfectly  normal  in  their 
characters.  But  it  might  be  asserted  that,  at  the  epoch  of  the  pressure, 
the  serpentine  existed  as  a  peridotite,  and  this  very  possibly  would 
be  true ;  still  I  think  I  know  what  is  the  effect  of  pressure  on  a 
peridotite,  and  could  conjecture  what  the  results  would  be  when 
it  was  converted  into  a  serpentine,  and  of  these  also  I  find  no  signs 
at  the  above-named  places. 

But  it  may  be  argued  that  this  foliation  in  the  gabbro  is  the 
result  not  so  much  of  a  general  compression  of  the  district,  as  of 
local  strains,  thrusting,  and  shearing  in  the  gabbro-mass  itself,  due 
to  local  disturbances ;  that  it  is  a  structure  resulting  from  faulHug 
rather  than  from  folding — from  dislocation-strains  rather  than  com- 
pression-thrusts. So  far  as  the  minor  cases  at  the  Balk  and  Coverack 
are  concerned,  this  explanation  would  seem  feasible,  but  it  is  difficult 
to  apply  it  to  such  an  enormous  mass  as  that  of  Earak clews, 
where  the  differentiation  and  parallel  ordering  of  the  minerals  have  an 
extraordinary  development  Moreover,  as  Mr.  Teall  justly  says, 
this  mass  sends  out  veins  into  the  neighbouring  serpentine,  and  that 
rock  to  the  north  ha^  been  repeatedly  pierced  by  small  gabbro  veins, 
so  that  we  cannot  suppose  the  main  mass  to  have  been  thrust  far 
away  from  ita  originiJ  position. 

There  are  then,  as  it  seems  to  me,  some  serious  difficulties  in 
applying  the  theory  of  pressure-foliation  to  the  Lizard  gabbros,  if 
it  be  assumed  that  the  structure  was  produced  in  a  solid  rock.  Mr. 
TealFs  solution  of  the  difficulty  may  be  the  right  one,  but  it  is  always 
well  to  look  at  all  sides  of  a  question.  A  new  answer  to  one  of 
Nature's  greater  riddles  is  often  rather  a  first  approximation  to  the 
truth,  than  the  actual  truth,  and  stands  in  need  of  subsequent 
modification.  As  at  present  advised,  I  am  disposed  to  think  this  the 
case  in  regard  to  the  Lizard  gabbro,  though  further  study  may 
remove  my  difficulties.  Still  I  think  we  shall  do  well  to  proceed 
cautiously  in  regard  to  this  new  hypothesis  of  pressure-metamorphism. 
It  has  come  to  many,  like  myself,  almost  as  a  revelation,  pouring 
a  flood  of  light  upon  a  number  of  dark  enigmas ;  but  for  all  that  we 
must  not  allow  it  to  dazzle  our  eyes.  In  this,  as  in  so  many  other 
things,  reason  should  go  hand  in  hand  with  faith.       T.  6.  Bonnkt. 


Nbcboloot. — "We  have  to  record  with  deep  regret  the  reeent  losses  by  death  of 
r.  H.  Abich,  F.M.G.8.  (Vienna);  Mr.  George  Busk.  F.R.S.,  F.G.S. ;  Rev.  W. 
ownes,  B.A..  F.G.S. ;  the  Earl  of  EnnisldlTen,  D.C.L.,  F.E.S.,  F.G.S. ;  Mr. 
deb  Evans,  F.G.S. ;  and  Prof.  F.  Guthrie,  F.R.S.,  F.G.S. 

EaaATUM.— Gbol.  Mao.  November  Number, p.  492,  line  10,  delete  "difficult." 
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